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INTRODUCTION 
Adult cockerels are subject to naturally occurring atherosclerosis. 
The atherosclerotic plaque in adult cockerels contains some lipid and, 
based on the proximity of plasma lipids and the plaque, one may assume a 
relationship between lipid in the plaque and lipid in the plasma. If 
plasma lipid concentrations are increased or decreased, one may suspect 
similar changes in plaque lipid concentrations. 
Plasma lipid concentration may be altered by changes in dietary 
lipid composition, feeding cholestyramine and exercise. Dietary whole 
egg, coconut oil and soy oil may each result in a different change in 
plasma lipids because of their inherent difference in lipid content. 
Lipids of whole egg consist of cholesterol, phospholipids, triglycerides, 
etc. Coconut oil contains more saturated fatty acids than soy oil. Diets 
containing cholesterol and/or saturated fat tend to be atherogenic. 
Cholestyramine, a bile acid-sequestering resin, decreases the re-
absorption of bile acids and results in increased oxidation of choles­
terol to bile acids. The net effect of feeding cholestyramine is lowered 
plasma cholesterol and increased fecal excretion of bile acids. 
Exercise is related to many facets of lipid metabolism, and may 
cause changes in plasma lipids by any one or a combination of these 
facets. Plasma lipid concentrations may be decreased by exercise and/or 
feeding cholestyramine. Either one or both of these factors may be suc­
cessful in decreasing the severity of atherosclerosis. 
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This series of experiments was initiated to study the effect of 
cholestyramine, exercise and several sources of dietary lipids (coconut 
oil, whole egg and soy oil) on plasma free cholesterol, cholesterol 
esters, triglycerides, lipoproteins and severity of atherosclerosis in 
adult cockerels. 
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LITERATURE REVIEW 
Arteriosclerosis is a disease of vertebrates that manifests itself 
as a disruptive plaque formation in the inner layers of arterial walls. 
A phenomenon secondary to the arteriosclerotic plaque may be described 
as a fibrous proliferation, lipidosis and calcification of the original 
arteriosclerotic plaque (Dahme, 1964). This secondary phenomenon, 
atherosclerosis, creates a roughened inner surface and results in a de­
crease in elasticity of the artery. This hardened and roughened surface 
predisposes blood embolus and myocardial infarction. 
Many research workers have described atherosclerosis in domestic 
fowl. Middleton (1965) reported grossly visible atherosclerotic plaques 
beginning at 6 weeks of age in Broad-Breasted Bronze turkeys. Clarkson 
et al. (1964) reviewed naturally-occurring atherosclerosis in birds. The 
domestic chicken. White Carneau pigeon and Broad-Breasted Bronze turkey 
develop naturally occurring atherosclerosis. Lof land et al. (1965) 
studied the development of atherosclerosis in White Carneau and Show 
Race pigeons. Their discussion characterized atherosclerosis in the 
pigeon as an accumulation of lipid material, cholesterol esters and free 
cholesterol in arterial walls. Mancini et ai. (1965) demonstrated that 
aortas of chickens and pigeons were particularly susceptible for 
atherogenesis because of the presence of large quantities of acid 
mucopolysaccharides. Gosling et al. (1969) found distribution and 
pathological appearance similarities between atherosclerotic plaques in 
man and domestic cockerels. These workers described the appearance of 
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atherosclerosis in the cockerel as, "Atheromatous longitudinal fatty 
plaques on the latero-ventral surfaces of the aorta". Plaques occurred 
proximal to the iliac bifurcation and contained subintimal lipid as­
sociated with fibrosis. Kahn and Siller (1967) found cerebral arteries 
of the chicken to be resistant to atherogenesis. Since atherosclerosis 
is a naturally occurring phenomenon in the domestic fowl, the use of the 
domestic fowl in experimental atherosclerosis is widespread. 
The development of atherosclerosis may be enhanced or retarded by 
altering dietary constituents and/or physical activity of the fowl. 
Christensen (1964) demonstrated a two-fold uptake of 4-^^C-cholesterol 
by aortas of cholesterol-fed cockerels when compared with normal cockerels. 
Banerjee et al. (1965) demonstrated an increased cholesterol and phos­
pholipid uptake by the aortas of chicks fed cholesterol. Pick et al. 
(1967) reported a positive relationship between the degree of hyper­
cholesterolemia and coronary atherosclerosis in cholesterol-fed cockerels. 
Their work suggests that additions of small increments of plasma choles­
terol above normal (100 mg per 100 ml) increases coronary atherogenesis 
more than similar increments at high plasma cholesterol levels, 1500 to 
2000 mg per 100 ml. 
Wong et al. (1958) described an atherogenic diet which contained 1 
percent cholesterol and 5 percent cottonseed oil. Weiss et al. (1966) 
fed diets containing 20 percent dried whole egg as an atherogenic in­
gredient. Gosling et al. (1969) induced atherosclerosis in cockerels 
by feeding a diet consisting mainly of crushed boiled eggs- El-Maguid 
and Quisenberry (1968) fed various levels of dried whole egg to commercial 
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incross laying hens. On a comparable weight basis, the levels of egg 
consumption were equivalent to 1, 2, 4 and 10 eggs per man per day. 
Only the low level of egg consumption resulted in a slight increase in 
plasma cholesterol. Fisher et al. (1963) fed a diet which contained 20 
percent whole egg powder to 20-month-old Leghorn chickens for 18 months. 
This egg-enriched diet resulted in a significant increase in severity 
of abdominal aortic atherosclerosis. Leveille et al. (1960) reported 
that chicks fed 10 percent coconut oil had higher plasma cholesterol 
levels than those receiving a similar diet supplemented with corn oil. 
Lofland (1965) demonstrated that a diet containing 10 percent corn oil 
and 0.25 percent cholesterol was less atherogenic than a diet containing 
10 percent coconut oil and 0.25 percent cholesterol when fed to White 
Carneau pigeons. Without the addition of cholesterol, coconut oil was 
not atherogenic. 
Savitri et al. (1965) noted that low protein intake by growing 
cockerels exaggerated hypercholesterolemia and atherogenesis when 
cockerels were fed an atherogenic diet. Rose and Balloun (1969) demon­
strated the restriction of protein intake to 70 percent of full-fed 
cockerels increased serum cholesterol. When the diet contained 2 per­
cent added cholesterol, protein restriction increased the severity of 
atherosclerosis. 
Two phenomena that occur when an atherogenic diet is fed to domestic 
chickens are an increased plasma cholesterol and an increased severity 
of atherosclerosis. The increase in plasma cholesterol presumably 
predisposes the development of atherosclerosis. Dietary constituents 
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may be altered to result in decreased plasma cholesterol, and therefore, 
retard the development of atherosclerosis. Rose and Balloun (1969) re­
ported that restriction of dietary energy to 70 percent of full-fed 
cockerels decreased serum cholesterol. When the diet contained 2 per­
cent added cholesterol, energy restriction decreased the severity of 
atherosclerosis. 
March and Biely (1959) demonstrated that feeding herring oil did 
not increase serum cholesterol, but feeding Crisco, butter, lard and 
chicken fat did increase serum cholesterol. Spritz and Mishkel (1969) proposed 
a theory for the lipid-lowering effect of unsaturated dietary fat. The 
lipid content of the low density lipoprotein is lowered by additions of 
unsaturated fatty acids to the apoprotein. The spatial configuration of 
an unsaturated fatty acid is larger than a saturated fatty acid; as a 
result, fewer lipid molecules can be accommodated by the apoprotein if 
unsaturated fatty acids are present. 
Clarke and Pick (1965) reported that the elimination of plasticizers 
and other additives used in the manufacture of margarine caused a sig­
nificant rise in the serum cholesterol level of birds fed such, altered 
margarine when compared with birds fed complete margarine. The authors 
postulated that plasticizers and other additives in margarine decreased 
the absorption of cholesterol rather than decreasing its synthesis-
Eastwood and Hamilton (1968) demonstrated that vegetable fiber, particu­
larly lignin, adsorbed bile acids. Portman (1962) reported that the 
presence of dietary vegetable fiber results in increased enterohepatic 
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circulation of bile acids. His results regarding the availability of 
these bile salts for reabsorption from the ileum were inconclusive. 
Tennent et al. (1961) demonstrated that feeding cholestyramine, an anion 
exchange resin, to cockerels with a normal plasma cholesterol level re­
sulted in a decreased plasma cholesterol concentration. Pick et al. 
(1965) reported that cholestyramine and pectin prevented hypercholesterol­
emia and coronary atherogenesis in cockerels fed an atherogenic diet. 
Van Ita11ie and Hashim (1963) postulated in a review on bile acid 
metabolism that cholestyramine binds bile acids in the gut and thereby 
decreases the reabsorption of bile acids from the intestine. This de­
crease in bile acids that circulate in the enterohepatic bile acid cycle 
results in an increased rate of cholesterol oxidation to form bile acids. 
The net effect of feeding cholestyramine is a decrease in plasma choles­
terol and an increased fecal output of bile acids. 
Physical activity has been related to the rate of cholesterol oxi­
dation, plasma cholesterol concentrations and the severity of athero­
sclerosis. Malinow et al. (1968) demonstrated that treadmill activity 
of rats increased the oxidation of 26-^^C-cholesterol. Malinow and 
Perley (1969) reported that muscular activity in man increased the oxi­
dation of 26-cholesterol. 
Spontaneous physical activity in rats resulted in increased thyroid 
hormone utilization, Rhodes (1967). Lepp et al. (1964) reported that 
thyroidectomized chicks had elevated serum cholesterol when compared 
with thyroidectomized chicks given L- and D-thyroxine. Physical activity 
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may increase the turnover rate of thyroxine which results in an increased 
oxidation of cholesterol and decreased plasma cholesterol concentration. 
131 Kipshidse (1958) demonstrated an increased I uptake by the rabbit 
thyroid gland during physical activity, and reported that cholesterol 
is more rapidly metabolized during physical activity. Orma (1957) 
estimated thyroid activity of active and inactive cockerels by a 
quantitative histological method. Active cockerels fed cholesterol had 
significantly higher thyroid activity than inactive cholesterol-fed 
cockerels. Jain et al. (1965) reported that cockerels receiving an 
atherogenic diet and thyroxine had significantly lower plasma cholesterol 
levels than control cockerels. 
Wong et al. (1957) fed cockerels an atherogenic diet and observed 
a decrease in plasma cholesterol of exercised cockerels.^ Wong et al. 
(1960) fed an atherogenic diet to 45-week-old hens (egg laying) and noted 
that exercise did not decrease blood cholesterol. Wong etal. (1966) reported 
that exercise in adult cockerels fed an atherogenic diet decreased plasma 
cholesterol, phospholipid and triglyceride. Wong et al. (1959) studied 
the influence of exercise on blood cholesterol following withdrawal 
of an atherogenic diet. Cockerels were fed an atherogenic diet for 8 
weeks. During the subsequent 9-week period, exercise had no effect on 
the rate of fall of blood cholesterol. 
The decrease in plasma cholesterol associated with physical activity 
may result in a decrease in the severity of atherosclerosis. Wong et 
al. (1956), (1957) and (1958) reported that exercise decreased the severity 
of atherosclerosis in the abdominal aorta of young chicks fed an 
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atherogenic diet. Wong et al. (1966) exercised 35-week-old cockerels 
1300 yards daily for 24 weeks. Cockerels which were fed an atherogenic 
diet and exercised showed a marked decrease in coronary and aortic 
atherosclerosis. Wong and Johnson (1967) demonstrated that exercise 
decreases the severity of aortic and coronary atherosclerosis in mature 
cockerels fed an atherogenic diet, but exercise did not affect the 
severity of atherosclerosis in cockerels fed plain mash. 
Weiss et al. (1966) established three categories of physical activity 
by housing chickens in three different sized cages, 12 x 18 x 20 inches, 
5 X 3 X 1.5 feet and 10 x 10 x 8 feet. After 18 months of the experiment, 
the authors concluded that no difference in severity of atherosclerosis 
could be attributed to any of the physical activity categories. This in­
dicates that the normal range of exercise for chickens had no effect on 
atherogenesis. Orma (1957) studied the effects of two levels of physical 
activity and two diets, one atherogenic and one not atherogenic, on 
atherogenesis in cockerels. Physically inactive cockerels were housed 
individually in small cages and active cockerels were housed in large 
pens. Active cockerels fed cholesterol had a lower incidence and less 
severe atherosclerosis than inactive cockerels fed cholesterol. 
Dayton and Hashimoto (1966) demonstrated that lipoprotein is neces­
sary in the surrounding medium, if labeled cholesterol is to be trans­
ported into the intima. Jones and Dobrilovic (1969) related aortic 
cholesterol to cholesterol carried by low density lipoproteins in 
cockerels fed cholesterol. Orma (1957) observed that the content of 
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cholesterol in the a-lipoprotein increased relative to the cholesterol 
in the P-lipoproteins in the hypercholesterolemic condition. Alpha and 
P-lipoproteins were fractionated by paper electrophoresis. Leveille 
et al. (1960) separated lipoproteins by paper electrophoresis and noted 
that feeding cholesterol resulted in an increased amount of lipid bound 
to the lipoprotein. 
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EXPERIMENTAL PROCEDURE 
Sampling, Weighing and Feeding Procedures 
Uniform sampling, weighing and feeding procedures were used in all 
experiments. Blood samples were obtained from a pricked brachial vein 
after the cockerels were fasted for 12 hours. In Experiment I, blood 
was allowed to clot at room temperature for 24 hours and express serum. 
y 
Serum was then poured into glass vials and stored at -17.8°C. In Experi­
ments II, III and IV blood was collected in oxalated test tubes and 
centrifuged to pack the red blood cells. The plasma was then pipetted 
into glass .vials and stored at -17,8®C. Test tubes were oxalated by 
putting 0.05ml of a 20 percent potassium oxalated solution into each 
test tube and rotat^g the test tube to disperse the oxalate over the 
test tube wall. 
Aortas were removed with the aid of a scalpel, freed of adventicia 
and stored in a formalin solution. No more than 1 gm of fresh tissue 
was stored per 10 ml of formalin solution. The formalin solution con­
tained 200 ml formaldehyde solution (37.5 percent), 1800 ml distilled 
water, 80 gms NaH2P0^, and 130 gms Na2HP0^," 
Cockerels were fasted 12 hours prior to each weighing and were then 
weighed individually or in groups as experimental units. Feed and water 
was available ad libitum in all experiments. 
^Ball, R. A. Veterinary Medical Research Institute, Ames, Iowa. 
Formalin solution. Personal communication. 1968. 
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Chemical Determinations 
Apparent ether-extract digestibility 
Feed and feces were prepared for chromium analysis according to a 
procedure outlined by Ewan.^ One gram of feed or 300 mg of feces was 
placed on a filter paper, dried at 100°C for 24 hours and weighed accurate­
ly. The filter paper and contents were then placed in a 100 ml Kjeldahl 
flask with 3 glass beads and 15 ml concentrated nitric acid, reagent grade. 
The samples were allowed to stand over night and then boiled until one 
half of the nitric acid evaporated. After cooling 10 minutes, 4 ml of con­
centrated perchloric acid, reagent grade, were added. The remaining nitric 
acid was then evaporated. When the nitric acid leaves, the digest becomes 
clear and white fumes can be seen. After cooling for 10 minutes, 3 ml of 
5 N hydrochloric acid, reagent grade, were added. Heating was resumed 
until white fumes appeared and condensed in the neck of the flask. After 
cooling, the sample was transferred quantitatively to a 50 ml volumetric 
flask. The sample was brought to volume by adding glass-distilled water. 
The amount of chromium in samples was assayed by an atomic absorption 
procedure outlined by Perkin-Elmer (1968) 
Ether-extractable material was assayed by extracting one gram of 
feed or feces for 8 hours on a Goldfisch apparatus. The solvent used was 
a mixture of Skelly B, ethyl ether and ethanol (95 percent) 5:5:1, respec­
tively. 
The apparent digestibility of ether-extractable material was calculat­
ed using an equation described by Maynard and Loosli (1962). Apparent 
Igwan, R. C., 337 Kildee, Iowa State University, Ames, Iowa. Prepara­
tion of biological samples for chromium determinations. Personal communi­
cation. 1968. 
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digestibility = 100 - (percent chromic oxide in feed/percent chromic 
oxide in feces) X (percent ether-extractab 1 e material in feces/percent 
ether-extractable material in feed). 
Serum total cholesterol 
Serum total cholesterol was assayed with methodology described by 
Tfechnicon Instruments Corp. (1964) using a Technicon Autoanalyzer. 
The cholesterol assay is based on the reaction of concentrated sulfuric 
acid and ferric chloride in acetic acid with steroids having the 5-ene, 
sP-ol grouping. 
Plasma glycerides, free cholesterol and cholesterol esters 
Triplicate assays were used on all samples. TVo-tenths ml of plasma 
was added dropwise to 4 ml of solvent (chloroform methanol, 2:1). During 
the dropwise addition, the solvent was rapidly swirled on a vortex mixer. 
The swirling action dispersed the plasma and a finely divided precipitate 
was formed. ' One glass bead was added to each sample extract and the mix­
ture was heated in a water bath at 60°C for 15 minutes. The sample ex­
tracts were then covered and allowed to stand overnight at 0°C. The 
following day the plasma extract was filtered through glass wool packed 
in a funnel. The extract was collected in a 10 ml volumetric flask and 
the extraction test tube and funnel were washed three times with 1.5 ml 
of solvent. The volumetric flask was then filled to the mark with solvent 
and the sample was mixed. Five mis of extract were transferred to a 
1.5 X 15 cm test tube and evaporated to dryness with a jet of air. The 
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dried extract was then assayed according to a procedure outlined by 
Galanos et al. (1964). 
Plasma lipoproteins 
Triplicate lipoprotein assays were done according to a procedure 
outlined by Gebott (1968). Electrophoretic separation was done on cellu­
lose polyacetate strips and the Schiff's reagent staining procedure used 
to visualize the carbon-carbon double bonds in the lipoproteins. Each 
lipoprotein, al> a.2 and P, was calculated as a percentage of the total 
area under a densigraph curve. Densigraph curves were obtained by 
scanning the cleared cellulose polyacetate strip with a combination re­
cording densitometer and integrator (Photovolt Densicord 542 and Integraph 
model 49). 
Aorta Scores 
Aortas were opened with a scalpel longitudinally on the dorsal side. 
Aortas from cockerels in Experiment III and IV were scrutinized by one 
judge and scored either as I, having one or more plaques, or 0, having 
no plaques. Aortas from cockerels in Experiment II were scrutinized by 
3 judges and scored 1, 2, 3 or 4 based on the severity of the plaque 
or plaques. Severity was judged by the size and thickness of the 
plaque. A score of 4 represented the most severe plaques. 
Experiment I 
Experimental design 
IVelve day-old Hubbard broiler males were allotted to each of 8 pens. 
Four pens received the basal diet plus 1 percent cholesterol for 45 days 
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and 4 pens received the basal diet for 45 days. Following the first 45-
day period, 1 percent cholestyramine was added for 17 days to diets fed to 
2 groups which received the basal diet and 2 groups which received 1 
percent cholesterol during the first 45-day period. This design is out­
lined in Table 1- The appropriate statistical model for this design is: 
Yij = u + Ti + Pij 
where, 
Yij = the observation of the pen of the i^^ treatment 
u = the overall mean 
T^ = average effect common to pens of the i^^ treatment 
p.. = an effect of the pen of the i^^ treatment 
ij 
It is assumed that the term p^j is a random variable from a normatly 
distributed population with mean zero and standard deviation 
Table 1. Experimental design of Experiment I 
Pen number 17349682 
One percent cholesterol 
fed for 62 days 00001111 
One percent cholestyramine fed 
the last 17 days of the 62-day 
period 00110011 
A typical analysis of variance for the design of Experiment I is 
shown in Table 2. The analysis of variance was done according to 
Snedecor (1956). Multiple comparisons were done according to Duncan 
(1955). 
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Table 2. Analysis of variance for the design of Experiment I 
Source of variation Degrees of freedom Expected mean squares 
Treatments 3 Op + Gt 
Between pens 4 
Experimental samples and data collected 
Serum samples were collected on day 45, prior to feeding cholestyramine 
and upon termination of the experiment. 
Feed and feces samples for estimating the apparent ether-extract 
digestibility were obtained during the last week of the experiment. The 
assay involved feeding 0.5 percent chromic oxide for a 2-day total fecal 
collection period. Feathers were removed from the feces and the feces 
were mixed thoroughly. After mixing, eight grab samples were combined 
and dried at 75°C for 4 days. 
Weight gains of cockerels and feed consumption were measured every 
two weeks during the experiment. 
Diets 
Diets fed in Experiment I contained the following ingredients ex­
pressed as percentages: 51 yellow corn, 28 soybean meal (50 percent), 
10 soy oil, 5 fish meal, 2 dehydrated alfalfa meal, 1 dicalcium phos­
phate, 0.7 oyster shell, 0.3 salt and I vitamin concentrate. The vitamin 
concentrate provided the following amounts of nutrients per kilogram of 
diet: 5 mg riboflavin, 25 mg niacin, 10 mg calcium pantothenate, 450 
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mg choline, 10 meg vitamin 6^2 5 1 mg vitamin K, 10 lU vitamin E, 7000 
lU vitamin A, 1000 ICU vitamin D, 6.6 mg penicillin, 33 mg streptomycin 
and provided 0.075 percent and 0.0125 percent methionine and Santoquin, 
respectively. Cholesterol and cholestyramine were substituted for yellow 
corn on an equal weight basis. When the cockerels were 10 weeks of age, 
dietary protein was reduced to 15 percent by increased corn and decreased 
soybean meal. 
Experiment II 
Experimental design 
Eighty-seven 18-month-old Leghorn cockerels were trained by placing 
them individually on an electrically-powered treadmill for 1 minute. 
Cockerels which voluntarily walked for 45 seconds were considered walk­
ing cockerels. Forty-three out of 87 cockerels tested proved to be 
walking cockerels. Six walking cockerels were selected at random and 
placed in each of 6 pens (90 X 150 cm). Similarly, 6 non-walking cockerels 
were selected at random and placed in each of 6 pens (90 X 150 cm). 
During the first month, the daily exercise period was initiated at 3 
minutes and increased 3 minutes weekly until cockerels were exercising 
15 minutes daily. Exercised cockerels were walked 70 feet per minute 
daily, 5 days per week during the remainder of the experiment. 
The experimental design included four treatments; exercise plus no 
cholestyramine, exercise plus 1 percent dietary cholestyramine, no exercise 
and no cholestyramine and no exercise plus 1 percent cholestyramine. TVo 
cockerels from each pen were sacrificed at 2, 4 and 6 months. The 
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experimental design is outlined in Table 3. The appropriate statistical 
model for this design is: 
^ijk = u + + Tj + + penzTj^ + (Ppen:T)j^j^ where, 
where; 
Y-î -t, = the observation of the pen of the treatment 
IJK 
during the i^^ period 
u = the overall mean 
= average effect common to pens during the i^^ period 
Tj = average effect common to pens receiving the treatment 
(PT)i^j = interaction effect common to pens of the treatment 
tested during the i*-^ period 
pen;Tjjj = average effect common to pens within the treatment 
(Ppen:T)^jk= an. effect of the pen within the treatment during 
the i^^ period. 
It is assumed that the terms P^, Tj, (PT)j^j, pen:Tjj^, and (Ppen:T)^jj^ 
are uncorrelated random variables with variances Op, , "^p^ncT ' 
(^PpeniT' respectively. 
Table 3. Experimental design for Experiment III 
Treatments Pe.n Number of cockerels per pen 
0-2 months 2-4 months 4-6 months 
Exercise plus no 
cholestyramine 16 4 2 
3 6 4 2 
6 6 4 2 
Exercise plus 
cholestyramine 2 6 4 2 
4 6 4 2 
5 6 4 2 
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Table 3. (Continued) 
Treatments Pen Number of cockerels per pen 
0-2 months 2-3 months ^6 months 
No exercise plus 
no cholestyramine 7 6 4 2 
9 6 4 2 
10 6 4 2 
No exercise plus 
cholestyramine 8 6 U 2 
11  6  4  2  
12 6 4 2 
A typical analysis of variance is shown in Table 4. The analysis 
of variance and orthogonal comparisons were done according to Snedecor 
(1956). 
Table 4. Analysis of variance for the design of Experiment 11 
Source of variation Degrees of freedom Expected mean squares 
Periods (P) 2 o Pp;T + a P 
Treatments (T) 3 ap:T+aT 
P X T 6 c Pp:T + (T PT 
pen (p):T 8 a p:T 
Pp:T 16 aPp:T 
Blood lipid analysis was done on the same 24 cockerels (two from 
each pen) at 0, 2, 4 and 6 months. The appropriate model for this design 
is: 
^ijk = u * Pi + Tj + (PT)ij <• <• (Pc:I)ijk 
where 
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Y . =  t h e  o b s e r v a t i o n  o f  t h e  c o c k e r e l  o f  t h e  t r e a t m e n t  ijk 
during the i^^ period 
u = the overall mean 
P£ = average effect common to cockerels during the i^^ period 
Tj = average effect common to cockerels receiving the 
treatment 
(PT)ij = interaction effect common to cockerels of the 
treatment tested during the i^^ period 
c:Tj]^ = average effect common to cockerels within the 
treatment 
(Pc:T)^jk = an effect of the k^^ cockerel within the treatment 
during the i^^ period 
It is assumed that the terms Pj^, Tj, (PT)^^, c:Tj]^, and (Pc:T)^jk are 
uncorrelated random variables with variances op, a-p, Op?, 0^.% and 
opc:T) respectively. 
A typical analysis of variance is shown in Table 5. The analysis 
of variance and orthogonal comparisons were done according to Snedecor 
(1956). Missing cockerels were represented by an average of the 
cockerels within the appropriate treatment and period. 
Table 5. Analysis of variance of blood lipid analysis 
Source of variation Degrees of freedom Expected mean squares 
Periods (P) 2 aPxc:T + aP 
Treatments (T) 3 ac:T + aT 
PXT 6 aPxc:T + oPT 
cockerels (c):T 20 ac:T 
Pxc:T 40 oPxczT 
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Experimental samples and data collected 
Samples of blood plasma were taken at 0, 2, 4 and 6 months from 2 
cockerels selected at random from each pen. The same cockerels were 
sampled throughout the experiment. Aortas were removed from 12 con­
trol cockerels at the initiation of the experiment and from 2 cockerels 
in each pen at 2, 4, and 6 months. Feed consumption and weight gains 
were measured at 0, 2, 4 and 6 months. 
Diets 
The dietary constituents in percentages were: 69.4 yellow corn, 
12.0 soybean meal (50 percent), 5.0 fish meal (65 percent), 1.2 di-
calcium phosphate, 1.4 oyster shell, 0.5 mineralized salt mixture, 
0.5 vitamin concentrate and 10.0 soy oil. The mineralized salt mixture 
when fed as 0.5 percent of the diet provides, per kilogram: 4.49 gm 
NaCl, 60 mg Mg, 75 mg Zn, 55 mg Fe, 9 mg Cu, 1.1 mg and 0.55 mg Co. 
The vitamin concentrate when fed as 0.5 percent of the diet provides, 
per kilogram: 7500 lU vitamin A, 1000 lU vitamin D^, 10 lU vitamin E, 
1 mg menadione sodium bisulfite, 10 meg vitamin 5 mg riboflavin, 
450 mg choline, 10 mg pantothenic acid, 25 mg niacin, 1000 mg methionine 
equivalent, 100 mg ethoxyquin, 8.25 mg penicillin and 41 mg streptomycin. 
Cholestyramine when fed at 1 percent of the diet replaced an equal 
weight of yellcw corn. 
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Experiment III 
Experimental design 
Thirty-six Hubbard broiler cockerels (2 months of age) were in­
dividually housed in 30 X 50 X 40 cm cages in a temperature-controlled 
room. Temperature was maintained at 22°C. Nine cockerels were allotted 
at random to each of four dietary treatments. The experiment was con­
tinued for 4 months. 
The appropriate model for aorta scores, weight gain and feed con­
sumption during the first 2 months and second 2 months was the same as 
the model used for blood lipids in Experiment II. The analysis of 
variance and orthogonal comparisons were done the same as in Experi­
ment II. 
The appropriate model for statistical analysis of initial minus 
final plasma lipid concentrations in Experiment III is: 
Yij = u + Ti + Pij 
where, 
Y^j = the observation of the cockerel of the i^h treatment 
u = the overall mean 
T^ = average effect common to cockerels of the i^^ treatment 
Pij = an effect of the cockerel of the i^^ treatment 
It is assumed that the termP^j is a random variable from a normally 
distributed population with mean zero and standard deviation op. 
A typical analysis of variance for this design is shown in 
Table 6. Missing cockerels were represented by the mean of the 
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Table 6. Analysis of variance of weight gain and feed consumption in 
Experiment III 
Source of variation Degrees of freedom Expected mean squares 
Treatment 3 op + oT 
Error 32 op 
appropriate treatment and one was subtracted from the error degrees of 
freedom for each missing cockerel. 
Experimental samples and data collected 
Samples of initial and final blood plasma were obtained. Weight 
gain and feed consumption were measured for the first period (0-2 
months) and second period (2-4 months). Aortas were removed from all 
cockerels at the end of the experiment. 
Diets 
The composition of diets fed in Experiment III are listed in 
Table 7. 
Table 7. Diets fed in Experiment III 
Ingredients^ Diets; 12 3 4 
Yellow corn 75.4 74.4 70.167 69.167 
Dried whole egg 10.0 10.0 
Soybean meal (50 percent) 10.6 10.6 21.340 21.340 
^Quantity of ingredients are listed in percentages-
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Table 7. (Continued) 
Ingredients^ Diets: 1 2 3 4 
Dicalcium phosphate 1.4 1.4 1.520 1.520 
Calcium carbonate 1.6 1.6 1.500 1.500 
Mineralized salt mixture 0.5 0.5 0.500 0.500 
Vitamin concentrate^ 0.5 0.5 0.500 0.500 
Cholesterol — — — — — — 0.253 0.253 
Cholestyramine —  —  —  1.0 —  — —  —  —  1.000 
Soy oil 4.220 4.220 
^This mineralized salt mixture and vitamin concentrate are 
identical to the ones used in Experiment II. 
Experiment IV 
Experimental design 
Thirty-six Hubbard broiler cockerels (2.5 months of age) were used 
in Experiment IV. The design, model and analysis of variance used in 
Experiment IV are identical to those used in Experiment III. 
Experimental samples and data collected 
Samples and data were collected in the same manner as in Experiment 
III. 
Diets 
The composition of diets fed in Experiment IV are listed in Table 8. 
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Table 8. Diets fed in Experiment IV 
Ingredients^ Diets: 12 3 4 
Yellow corn 69.5 69.5 68.5 68.5 
Soybean meal (50 percent) 12.0 12.0 12.0 12.0 
Fish meal 5.0 5-0 5.0 5.0 
Dicalcium phosphate 1.0 1.0 1.0 1.0 
Calcium carbonate 1.5 1.5 1.5 1.5 
Mineralized salt mixture^ 0.5 0.5 0.5 0.5 
Vitamin concentrate 0.5 0.5 0.5 0.5 
Coconut oil 10.0 — — — 10.0 — — — 
Soy oil — — — 10.0 10.0 
Cholestyramine — — — — — — 1.0 1.0 
^Quantity of ingredients are listed as percentages. 
^This mineralized salt mixture and vitamin concentrate are the 
same ones used in Experiment 2. 
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RESULTS 
Experiment 1 
Experiment I was designed to study several effects of feeding 0 or 
1 percent cholesterol with or without the addition of 1 percent cholestyr­
amine. Neither weight gains nor feed consumption of chicks were sig­
nificantly affected by feeding cholestyramine or cholesterol. Appendix 
Tables 15a slnd 15b contain more detailed data about weight gains and 
feed- consumption. 
Apparent ether-extract digestibility was significantly decreased 
by feeding cholestyramine (Table 9). Apparently, this decreased ether-
extract digestibility was not of sufficient magnitude to result in de­
creased weight gains. Appendix Tables 15a and 15b contain more de­
tailed data on apparent ether-extract digestibility. 
Table 9. Percentage apparent ether-extract digestibility 
No cholesterol* Cholesterol+ Cholesterol+ No cholesterol* 
cholestyramine cholestyramine no cholestyramine no cholestyramine 
70.5 + 1.8* 77.4 + 1.8 85.9 + 1.8 90.0 + 1.8 
a 
Mean percentages underlined by the same line are not significantly 
different. 
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Serum cholesterol levels were significantly lower in chicks fed 
cholesterol plus cholestyramine than in chicks fed cholesterol plus no 
cholestyramine. When chicks were not fed cholesterol, serum cholesterol 
levels were not significantly reduced by feeding cholestyramine (Table 
10). Chicks fed cholesterol plus no cholestyramine had significantly 
higher serum, cholesterol levels than chicks fed any of the other three 
diets (Table 10). 
Table 10. Mean change in serum cholesterol during Experiment I 
Cholesterol+ No 
no cholestyramine no 
cholesterol+ 
cholestyramine 
No cholesterol+ Cholesterol + 
cholestyramine cholestyramine 
+462 + 48 mg/100 ml^  -14 + 48 -46 + 48 -324 + 48 
M^eans underlined by the same line are not significantly different. 
Appendix Tables 16a and 16b contain more detailed data about 
serum cholesterol. 
Experiment II 
Experiment II was designed to study several effects of feeding 1 
percent or no cholestyramine with or without exercising. All diets 
contained 10 percent soy oil. 
The amount of feed consumed by cockerels was not affected by 
exercising or feeding cholestyramine; however, feed consumption decreased 
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linearly with time. The average amount of feed consumed (gms feed per 
kg live weight per day) during the first, second and third periods was 
42,5 + 0.7, 33.2 + 0.7 and 32.1 + 0.7, respectively. This linear de­
crease was assumed to be related to the increased environmental tem­
perature from March to August. Appendix Tables 17a and 17b contain 
more detailed data on feed consumption. 
Weight gains during the first, second and third periods were 
0.28 ± 0.03, -0.04 + 0.03 and 0.14 + 0.03 kgs, respectively. This de­
crease in weight gains was associated with decreased feed consumption 
and increased environmental temperature. Exercised cockerels gained 
slightly less weight than non-exercised cockerels, but gains were not 
affected by feeding cholestyramine. Weight gains for cockerels which 
were exercised, not exercised, fed cholestyramine and not fed cholestyra­
mine were 0.06 + 0.03, 0.12 + 0.03, 0.09 + 0.03 and 0.08 + 0.03 kgs, 
respectively. Appendix Tables 17a and 17b contain more detailed data 
on weight gains. 
Six cockerels died during this experiment. Three cockerels which 
received no exercise and no cholestyramine died. One cockerel died 
which recieved exercise and no cholestyramine and 2 cockerels died 
which received exercise plus cholestyramine. There was no attempt 
made to relate mortality and treatment effects. 
The severity of atherosclerosis increased linearly with time. 
Bie mean severity scores for periods 1,2 and 3 were 0.96 + 0.86, 
1.29 + 0.86 and 3.25 + 0.86, respectively. Increased severity scores 
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were associated with decreased feed consumption during each period. 
Exercised cockerels had less severe atherosclerosis than non-exercised 
cockerels. The mean severity scores for exercised and non-exercised 
cockerels were 3.92 ± 0.86 and 7.08 + 0.86, respectively. There was 
no significant difference between the severity scores of cockerels fed 
cholestyramine and those not fed cholestyramine. These scores were 
6.5 + 0.86 and 4.5 + 0.86, respectively. Appendix Tables 18a and 18b 
contain more detailed data on the severity of atherosclerosis. 
Plasma concentration of free cholesterol, cholesterol ester and 
glyceride was associated linearly and quadratically with periods. This 
significant period effect on plasma lipid is assumed to be related to 
the feed intake, increased environmental temperature and treatment ef­
fects. The change in plasma lipids associated with periods is re­
corded in Table 11. 
Table 11. Mean net changes in plasma lipids (mg per 100 ml) from 0 to 
the end of 2, 4, and 6 months in Experiment II 
Lipid component "IVo months Four months Six months 
Free cholesterol -2.4+1.3 -0.5+1.3 +6.9+1.3 
Cholesterol ester -23.7+2.4 -26-3+2.4 +2.2+2.4 
Total cholesterol -25.8+3.0 -27.0+3.0 +9.3+3.0 
Glyceride -2.5+4.4 -27.7+4.4 -14.3+4.4 
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Plasma free cholesterol levels were significantly reduced by 
exercise, but slightly increased by feeding cholestyramine (Table 12). 
Plasma cholesterol ester concentrations were significantly de­
creased by feeding cholestyramine, but the effect of feeding cholesty­
ramine decreased linearly with time as shown in Table 12 and Figure 1. 
The effect of exercise and time on cholesterol ester level interacted 
linearly and quadratically. As time progressed (2, 4 and 6 months) the 
exercised cockerels had increased cholesterol ester levels when compared 
with controls (Figure 2). The main effect of exercise on cholesterol 
ester was not significant (Table 12). 
Table 12. Treatment effect on plasma lipids (mg per 100 ml) in 
Experiment II (mean net changes of plasma lipids) 
Lipid component Cholestyramine No cholestyramine Exercise No exercise 
Free cholesterol +2.0+1.0^  -0.6+1.0^  -0. 3+1.0^  -3.0+1.0^  
Cholesterol ester -23.6+5.7% -8.2+5.7% -15. 0+5.7 -16.9+5.7 
Total cholesterol -21.9+6.5% -7.1+6.5% -14. 8+6.5 -14.2+6.5 
Glycerides -0.5+13.1% -29.0+13.1% -27. 3+13.1^  -2.2+13.1^  
M^eans with the same superscripts are significantly different. 
Superscripts a, b, c and d indicate significant differences at the 1, 5, 
10 and 25 percent level of probability, respectively, here and throughout 
the Results section. 
Total cholesterol level was decreased by feeding cholestyramine, but 
this effect decreased with time (Table 12 and Figure 3), The effect of 
feeding cholestyramine on cholesterol ester and total cholesterol levels 
is similar. Total cholesterol levels were not significantly affected 
by exercise. Table 12, but the effects of exercise and time interacted 
Figure 1. Mean net change in Figure 2. Mean net change in 
cholesterol ester cholesterol ester 
levels level 
Figure 3. Mean net change in Figure 4. Mean net change in 
total cholesterol total cholesterol 
levels levels 
Figure 5. Mean net change in 
glyceride levels 
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linearly aiid quadratically as shown in Figure 4. Apparently, exercised 
cockerels had lower total cholesterol than controls at the 6-month 
sampling. This decreased total cholesterol level at 6 months probably 
reflects the decreased free cholesterol fraction of total cholesterol. 
Plasma glycerides were increased by feeding cholestyramine. The 
effects of exercise and time on glycerides interacted linearly and 
quadratically as shown in Table 12 and Figure 5. Exercise resulted in 
a progressive decrease in glycerides during successive periods, while non-
exercise resulted in a marked increase in glycerides during the last 
period (Figure 5). Appendix Tables 19a, 19b, 19c and 19d contain more 
detailed information of plasma lipid levels in Experiment II. 
Neither exercise nor feeding cholestyramine affected the ratio be­
tween al, a2 and P-lipoproteins or the (<11 + a2)/P-lipoprotein ratio. 
These ratios and analyses of variance are tabulated in Appendix Tables 
20a and 20b. 
The correlation coefficients between decreased(al + a2)/P-lipoprotein 
ratio and decreased free cholesterol; cholesterol ester and glycerides 
levels were 0.3, 0.2 and 0.0, respectively. Since these correlation co­
efficients are not significant (Snedecor, 1956), there is no reason to 
believe that a relationship exists between this lipoprotein ratio and 
these plasma lipid components. Correlation coefficients between the 
atherosclerosis severity score of a cockerel and its decreased free 
cholesterol, cholesterol ester, glyceride and(al + a2)/p.ratio were 
0.0, -0.2, -0.3 and 0.3, respectively. Since these correlation coeffi­
cients are not significant (Snedecor, 1956), there is no reason to 
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believe that there is a relationship between these plasma lipid com­
ponents and severity of atherosclerosis. 
Experiment 111 
Experiment III was designed to study several effects of feeding 
dried whole egg or crystalline cholesterol plus soy oil with or without 
the addition of 1 percent cholestyramine. 
During this 4-month experiment, cockerels fed 10 percent dried 
whole egg gained slightly more weight than cockerels fed crystalline 
cholesterol; 1.8+0.1 and 1.6+0.1 kgs, respectively. Cockerels fed 1 
percent or no cholestyramine both gained 1.7 kgs during this 4-month 
experiment. Cockerels gained significantly more weight during the first 
2 months (2.2±0.1) than in the second 2 months (1.1+0.1 kgs). The de­
creased growth rate in period 2 probably reflects the maturation 
process of cockerels between 4 and 6 months of age. Feed consumption was 
not affected by treatments. Cockerels fed whole egg, crystalline 
cholesterol, cholestyramine and no cholestyramine consumed 1.62, 1.66, 
1.63 and 1.64 kgs of feed per kg of live weight, respectively, during this 
4-month experiment. Appendix Tables 21a and 21b contain more detailed 
data on weight gains and feed consumption. 
None of the treatments significantly affected the presence of 
plaques in the aorta. Appendix Tables 22a and 22b contain more detailed 
data on atherosclerosis scores. 
Free plasma cholesterol levels and the(al + 0L2)/P4.ipoprotein ratio 
were not significantly affected by feeding cholestyramine (Table 13). 
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Table 13. Mean net changes of plasma lipids in Experiment III, mg 
per 100 ml 
No 
Lipid component Whole egg Cholesterol Cholestyramine cholestyramine 
Glycerides +32.8+14.6 +32.2+14.6 +45.0+14.6^  +20.0+14.6® 
Cholesterol ester -29.4+8.4^  -12.4±8.4b -32.7+8.4* -18.3+8.4* 
Free cholesterol -8.5+5.2 -5.4±5.2 -5.3±5.2 -5.6±5.2 
Total cholesterol -35.0±10.9*^  -17.7±10.9<^  -38.0*10.9% -14.7+10.9% 
Lipoprotein* (al+a2)/P -0.30*0.34* -1.00*0.34* -0.64+0.34 -0.60+0.34 
*Mean changes of the (al + (i2y^ -lipoprotein ratio. 
Cockerels fed cholestyramine, however, had higher plasma glycerides and 
lower cholesterol ester and total cholesterol than cockerels not fed 
cholestyramine (Table 13). The response of plasma glycerides, choles­
terol ester and total cholesterol to feeding cholestyramine was consistent 
in this experiment and in Experiment II. Glyceride levels were in­
creased; cholesterol ester and total cholesterol levels were decreased 
by feeding cholestyramine. 
Free plasma cholesterol and glyceride levels were not affected by 
feeding whole egg, but cockerels fed whole egg did have lower cholesterol 
ester and total cholesterol levels than cockerels fed crystalline 
cholesterol. The (al + a2)/P-1 ipoprotein ratio increased when cockerels 
were fed crystalline cholesterol. This increased ratio was associated 
with an increased number of carbon-carbon double bonds present in the al 
lipoprotein of cockerels fed whole egg and a concomitant increase in the 
number of double bonds present in P-lipoprotein of cockerels fed crys­
talline cholesterol. Appendix Tables 23a and 23b; 24a and 24b, 
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respectively, contain more detailed information about plasma lipids and 
lipoproteins. 
Correlation coefficients between the decrease in fal + a2)/P-
lipoprotein ratio and decreased free cholesterol, cholesterol ester 
and glycerides were -0.1, 
-0.2 and -0.2, respectively. Since these 
correlation coefficients are not significant (Snedecor, 1956), there 
is no reason to believe that a relationship exists between this lipo­
protein ratio and these plasma lipid components. 
Experiment IV 
Experiment IV was designed to study several effects of feeding 10 
percent of coconut oil or soy oil with or without the addition of 1 per­
cent cholestyramine. During a 4-month period, cockerels fed coconut 
oil gained less weight and consumed more feed than cockerels fed soy 
oil (1.0±0.1 and 1.2+0.1 kgs; 1.W+0.01 and 1.33+0.01 kgs of feed per kg 
live weight, respectively). Cockerels fed cholestyramine gained more 
weight and consumed more feed than cockerels not fed cholestyramine 
(1.2+0.1 and 1.0+0.1 kgs; 1.44*0.01 and 1.32+0.01 kgs feed per kg live 
weight, respectively). Appendix Tables 25a and 25b contain more de­
tailed data on weight gains and feed consumption. In this series of 4 
experiments, Experiment IV is the only experiment in which cholestyramine 
affected weight gains and feed consumption. There is no apparent 
reason for this effect. 
None of the treatments significantly affected the presence of 
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plaques in the aorta. Appendix Tables 26a and 26b contain more de­
tailed data about atherosclerosis scores. 
Plasma glycerides, cholesterol ester, free cholesterol and total 
cholesterol were not significantly affected by feeding cholestyramine. 
However, cholesterol ester and total cholesterol levels were slightly de­
creased by feeding cholestyramine (Table 14). This pattern is similar 
to the previous results of feeding cholestyramine. Contrary to results 
in Experiments II and III, glyceride levels were not increased in this 
experiment by feeding cholestyramine. The al«1ipoprotein was slightly 
decreased by feeding cholestyramine, but the <i2- and ^ -lipoprotein were 
not affected. 
Plasma glyceride and free cholesterol levels were not significantly 
affected by feeding coconut oil or soy oil. However, plasma cholesterol 
ester and total cholesterol were significantly increased by feeding 
coconut oil. The al-lipoprotein was decreased by feeding coconut oil. 
Lipid content of lipoproteins was detected by the presence of carbon-
carbon double bonds. Hence, the presence of saturated fatty acids in 
a lipoprotein from coconut oil would not be detected. From this rela­
tionship, one could conclude that the al-lipoprotein was carrying more 
saturated fatty acids when coconut oil was added to the diet. Appendix 
Tables 27a and 27b, 28a and 28b contain more detailed information about 
plasma lipids and lipoproteins, respectively. 
Correlation coefficients between the decrease in (al + oZyP-lipo-
protein ratio and decreased free cholesterol, cholesterol ester and 
glycerides were 0.0, 0.4 and -0.2, respectively. Since the correlation 
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coefficients of the lipoprotein ratio to cholesterol and glycerides 
are not significant, (Snedecor, 1956), there is no reason to believe 
that a relationship exists between this ratio and these plasma lipid 
components. However, the correlation coefficient between the de­
creased (tti + a 2yP- ratio and decrease in plasma cholesterol ester 
is significant. Correlation coefficients between decreased cholesterol 
ester and decreased a^ , a 2- and p-lipoproteins were -0.2, 0.3 and -0.2, 
respectively. These correlation coefficients are not significant, 
(Snedecor, 1956), but they may aid in the interpretation of the correla­
tion between(a 1+ a20/P-ratio and cholesterol ester levels. The 
decrease in (a 1 + a 2)/^ ratio was apparently due to decreased a 2 
lipoprotein relative to increased a 1-and P-lipoproteins. These rela­
tive changes occurred when cholesterol ester levels decreased. As 
cholesterol ester level decreased there was a decreased number of carbon-
carbon double bonds present in the a 2-lipoprotein and an increased 
number of double bonds present in the al-and P-lipoprotein. Conversely, 
as the cholesterol ester level increased there was an increased number 
of double bonds in the a 2 -lipoprotein and a decreased number of double 
bonds in the al-and lipoprotein. This decrease in double bonds may 
indicate an increase in amount of cholesterol ester carried by the a 1-
and P-lipoproteins. 
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Table 14. Mean net changes of plasma lipids in Experiment IV, mg 
per 100 ml 
No 
Lipid components Coconut oil Soy oil cholestyramine Cholestyramine 
Glycerides +12. ,6+12 .7 —3« .6+12 .7 +6. .0±12 .7 +3.0+12 .7 
Cholesterol esters -5. 4±7. 9a -40. ,0±7. 9a -17. 3±7. 9 -28.1±7. 9 
Free cholesterol -1 < .0±2. 8 - 4. 0±2. 8 .2±2. 8 — 2.0*2. 8 
Total cholesterol -4. 8+9. 5a .- 44. ,1±9. 5a —18. ,5*9. 5 -30.4+9. 5 
Lipoprotein, al* -8, .8+2. 3b - 2 • ,8±2. 3b —4. 1±2. 3d -7.4+2. 3  ^
*Mean decrease of percer^  al.lipoprotein. 
Summary of Results 
Feed consumption and weight gains were not affected by feeding 
cholestyramine in 3 of 4 experiments. In 1 of 4 experiments, cockerels 
fed cholestyramine consumed more feed and gained more weight than con­
trol cockerels. The overall effect of feeding cholestyramine on feed 
consumption and weight gains was negligible. 
The apparent ether-extract digestibility was decreased by feeding 
cholestyramine. This effect was consistent regardless of whether the 
diet contained added cholesterol. 
Total plasma cholesterol and cholesterol ester levels were decreased 
by feeding cholestyramine. This effect was consistent when diets con­
tained 1 percent cholesterol, 0.253 percent cholesterol or 10 percent 
whole egg. When the diet contained 10 percent coconut oil or soy oil, 
total cholesterol and cholesterol ester levels were decreased, but the 
1+0 
\ 
decrease was not significant in all cases. Free cholesterol and gly-
ceride levels were not significantly decreased by feeding cholestyramine, 
but there was a tendency for increased free cholesterol and glyceride 
levels. 
The effect of feeding cholestyramine on plasma lipoproteins and 
severity of atherosclerosis was negligible. 
Exercise 
Exercised cockerels gained slightly less weight and consumed the 
same amount of feed as control cockerels. The severity of athero­
sclerosis was decreased by exercising. Exercising resulted in decreased 
free plasma cholesterol and glyceride levels, but an increase in 
cholesterol ester as time progressed. The effect of exercise on total 
cholesterol was inconsistent, and exercise had no effect on plasma 
lipoproteins. 
Whole egg versus crystalline cholesterol 
Cockerels fed diets containing 10 percent dried whole egg gained 
slightly more weight, but consumed the same amount of feed as cockerels 
fed crystalline cholesterol at the same dietary concentration as pro­
vided by the dried whole egg addition. Cockerels fed whole egg or crys­
talline cholesterol had equally severe atherosclerosis and similar free 
cholesterol and glyceride levels. Cockerels fed whole egg had lower 
cholesterol ester and total cholesterol levels than cockerels fed 
crystalline cholesterol. The ratio of(al + a2yP-lipoproteins was de­
creased by feeding crystalline cholesterol. 
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Coconut oil versus soy oil 
Cockerels fed coconut oil consumed more feed and gained less 
weight than cockerels fed soy oil, but the type of oil did not affect 
the severity of atherosclerosis and the plasma free cholesterol and 
glyceride concentrations. Cockerels fed coconut oil had higher plasma 
cholesterol ester and total cholesterol levels than cockerels fed soy 
oil. The ai.lipoprotein was significantly decreased by feeding coconut 
oil. 
Correlations 
There was no apparent relationship between the plasma lipid com­
ponents measured and the severity of atherosclerosis. In general, 
there was no consistent relationship between the ratio of (al + a2.)/P-
lipoproteins and plasma lipid components measured. However, in cockerels 
fed coconut oil there was a consistent relationship between the 
(al * (i2)/P-lipoprotein ratio and cholesterol ester level. 
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GENERAL DISCUSSION 
The overall effect of feeding cholestyramine on feed consumption 
and weight gains was negligible, and the apparent ether-extract di­
gestibility was decreased by feeding cholestyramine. The decreased 
digestibility may be related to the bile acid binding property of 
cholestyramine. Van Itallie and Hashim (1963) postulated in a review 
on bile acid metabolism that cholestyramine binds bile acids in the gut 
and thereby decreases the reabsorption of bile acids from the intestine. 
Senior (1964) reviewed the essentiality of bile acids for micelle forma­
tion and subsequent lipid absorption. Cholestyramine may bind bile 
acids and thus result in decreased lipid absorption by interfering with 
micelle formation. The overall effect of feeding cholestyramine would 
be a decrease in apparent ether-extract digestibility. 
The decreased absorption of bile acids by feeding cholestyramine 
results in increased oxidation of cholesterol to bile acids. This ef­
fect ultimately decreases plasma cholesterol. Pick et al. (1965) 
reported that cholestyramine prevented .hypercholesterolemia in cockerels 
fed an atherogenic diet. Tennent et al. (1961) demonstrated that feeding 
cholestyramine to cockerels resulted in a decrease in plasma cholesterol 
level. In this series of experiments total cholesterol and cholesterol 
ester levels were decreased by feeding cholestyramine. However, free 
cholesterol and glyceride levels were not decreased by feeding 
cholestyramine. The effect of cholestyramine on total plasma cholesterol 
is related to a decrease in cholesterol ester and not free cholesterol. 
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Even though total cholesterol and cholesterol ester levels were 
lowered by feeding cholestyramine, the severity of atherosclerosis 
was not altered by feeding cholestyramine. 
Weiss (1962) reported that exhaustion of cockerels occurred within 
60 minutes when walked 120 feet per minute on a treadmill. According 
to this exhaustion time data, cockerels in this experiment were given 
mild daily exercise; 70 feet per minute for 15 minutes. Exercised 
cockerels gained slightly less weight and consumed the same amount 
of feed as control cockerels. In this experiment, the severity of 
atherosclerosis was decreased by mild exercising. Other workers 
(Wong et al., 1966, and Wong and Johnson, 1967) exercised cockerels 
1300 to 1600 yards daily and reported a decrease in severity of athero­
sclerosis due to exercise. Weiss et al. (1966) reported that the 
normal range of exercise of chickens had no effect on atherogenesis. 
Orma (1957) fed a commercial poultry diet and reported no difference 
in serum cholesterol levels between active and inactive cockerels. 
When cockerels were fed a commercial poultry diet plus 1.5 percent 
cholesterol, active cockerels had lower serum cholesterol than inactive 
cockerels. Wong et al. (1957) fed cockerels an atherogenic diet and 
observed a decreased plasma cholesterol in exercised cockerels. Wong 
et al. (1966) exercised cockerels which were fed either an atherogenic 
or non-atherogenic diet. Plasma cholesterol and triglyceride levels 
were decreased in cockerels receiving an atherogenic diet, but not 
decreased in cockerels receiving a non-atherogenic diet. In conclusion. 
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exercise results in decreased plasma glycerides and total cholesterol. 
The decrease in total cholesterol may be the result of decreased free 
cholesterol. 
Diets containing whole egg have been considered atherogenic by 
several workers: Weiss et al. (1966), Gosling et al. (1969) and Fisher 
et al. (1963). This experiment was designed to compare the effects of 
dietary cholesterol added to the diet as cholesterol in the presence 
of whole egg lipid or as crystalline cholesterol in the presence of soy 
oil. Both diets were formulated to be isocaloric, isonitrogenous and to 
have the same amounts of fat and cholesterol. Cockerels fed whole egg 
or crystalline cholesterol had equally severe atherosclerosis. The 
presence of whole egg lipid or soy oil with dietary cholesterol does not 
affect the atherogenic effect of dietary cholesterol. However, cockerels 
fed whole egg had lowered total plasma cholesterol and cholesterol ester 
levels. Free cholesterol and glyceride levels were not affected by 
feeding whole egg. 
Leveilie et ai. (1960) compared plasma cholesterol levels and body 
weights of chicks fed diets containing either 10 percent coconut oil or 
10 percent corn oil. Plasma cholesterol levels were elevated and weight 
gains were decreased by feeding coconut oil. Lofland (1965) reported 
that feeding coconut oil as 10 percent of the diet was not atherogenic. 
Results of this experiment agree with those just mentioned. Cockerels 
fed 10 percent coconut oil gained less weight and had elevated plasma 
cholesterol ester and total cholesterol levels compared with cockerels 
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fed 10 percent soy oil. Cockerels fed coconut oil or soy oil had 
equally severe atherosclerosis and similar free cholesterol and glyceride 
levels. Coconut oil fed as 10 percent of the diet does not appear to be 
atherogenic, but it may alter levels of plasma lipid conçonents. 
Orma (1957) and Pick et al. (1967) reported positive relationships be­
tween the degree of hypercholesterolemia and the severity of aortic and 
coronary atherogenesis. Nishida et al. (1958) showed that serum 
cholesterol levels and atherogenesis was more dependent on dietary pro­
tein than on dietary fat or cholesterol. Miller and Balloun (1968) 
reported no relationship between serum cholesterol levels and athero­
sclerosis, but related atherosclerosis with increasing levels of dietary 
soy oil. In this experiment there was no apparent relationship between 
plasma free cholesterol, cholesterol ester, total cholesterol, glyceride, -
and (il + (i2 J /^ lipoprotein and severity of atherosclerosis. Hie only ex­
perimental treatment that significantly affected severity of atherosclero­
sis was exercise. Exercised cockerels had less severe atherosclerosis. 
In Experiment II, the severity of atherosclerosis increased line­
arly with time. This increased severity score was associated with a 
concomitant decrease of feed consumption during each gefiod. The linear 
decrease in feed consumption was assumed to be related to the increased 
environmental temperature from March to August. Plasma cholesterol 
levels (free, esterified and total) were increased during the last 
period. High energy and low protein intake has been associated with in­
creased serum cholesterol levels and increased severity of atherosclerosis 
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by Rose and Balloun (1969). Diets fed in Experiment II contained 3700 
kilocalories of metabolizable energy per kilogram. The calculated 
daily protein intake by cockerels during each of the three periods in 
Experiment II was 6.38, 5.00 and 4.86 gms per day, respectively. Rose 
and Balloun (1969) fed diets containing 3500 metabolizable energy kilo-
calories per kilogram of diet. When protein intake was restricted to 
6.5 or 5.5 gms per day per kilogram body weight, the incidence of 
atherosclerosis increased, but not significantly. Because of the 
similarities of dietary energy and protein intake between these two 
experiments, the severity of atherosclerosis associated with periods 
in Experiment II may be the result of lew protein intake and high 
dietary energy. 
When cockerels were fed coconut oil, there was a significant cor­
relation between (al + a2)/p-lipoprotein ratio and plasma cholesterol ester 
level. This may have indicated an increased amount of cholesterol ester 
carried by the al- and P-lipoproteins. Orma (1957) noted an increased.con-
caitration of cholestérol in the a-lipoprotein band which had been separated 
from the ^ -lipoprotein band by paper electrophoresis. Leveille et al. 
(1960) noted that the concentration of-lipid bound to P-lipoprotein 
was significantly increased-by feeding'cholesterol. 
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Table 15a. Weight gains, feed consumption and apparent ether-extract 
digestibility in Experiment I 
Treatment pen Av. gain/day Grams feed/day Apparent E.E. 
(grams) digestibility 
No choiesterol+ 1 44 128 89.6 
no cholestyramine 7 43 121 90.4 
X = 44 X = 126 X = 90.0 
No cholesterol+ 3 40 115 73.6 
Choies tyramine 4 39 128 67.4 
X = 40 X = 122 X = 70.5 
Cholesterol+ no 9 43 120 86.4 
cholestyramine 6 34 106 85.4 
X = 38 X = 113 X = 85.9 
Cholesterol+ 8 35 122 78.9 
cholestyramine 2 32 107 75.8 
X = 34 X = 114 X = 77.4 
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Table 15b. Analysis of variance* of weight gains and feed consumption 
in Experiment I 
Source of Degrees of Mean square F statistic 
variation freedom 
Weight gain per bird per day 
Treatment 3 31 2.6 
Error  ^ 12 
Feed consumed per bird per day 
Treatment 3 61 Not significant 
Error 4 80 
Apparent ether-extract digestibility 
Treatment 3 152.4 24.6** 
Error 4 6.2 
*** and * refer to P<0.01 and P<0.05, respectively, throughout 
the Appendix and "at 25%" and "at 10%" refer to P^ 0.25 and P<0.10, 
respectively, throughout the Appendix. 
Table 16a. Serum cholesterol in Experiment I 
Treatment Pen Initial cholesterol. Final cholesterol, 
mg per 100 ml mg per 100 ml 
No cholesterol* 1 204 182 
no cholestyramine ? 194 187 
X - 199.0 X = 184.5 
No cholesterol* 3 189 150 
cholestyramine 4 214 160 
X = 201.5 X = 155.0 
Cholesterol* no 9 534 1074 
choiestyramine 6 641 1026 
X = 587.5 X =1050.0 
Cholesterol* 8 460 193 
cholestyramine 2 577 196 
X = 518.5 X = 194.5 
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Table 16b. Analysis of variance of change in serum cholesterol 
in Experiment I 
Source of Degrees of Mean square F statistic 
variation freedom 
Treatment 
Error 
3 
4 
213169.0 45** 
4684.0 
Table 17a. Peed consumption and weight gains in Experiment II 
Pen Gain in kgs Kilograms feed/kg live weight 
number 0-2 months 2-4 months 4-6 months 0-2 months 2-4 months 4-6 months 
Exercise+no cholestyramine 
1 0.38 0.12 0.33 2.44 2.38 1.50 
3 0.42 0.20 0.07 2.47 1.88 1.32 
6 0.47 0.12 0.20 2.68 1.90 1.66 
X = 0.42 X = 0.13 X = 0.20 x = 2.53 x = 2.05 x = 1.49 
Exercise+cholestyramine 
2 0.33 0.07 0.24 2.91 2.21 1.84 
4 0.33 0.20 0.20 2.61 2.04 1.37 
5 0.33 0.42 0.12 2.62 1.99 0.83 
X = 0.33 x = 0.23 X = 0.19 x = 2.71 x = 2.08 x = 1.35 
No exercise+no cholestyramine 
7 0.57 0.02 0.28 2.63 1.87 1.54 
9 0.60 0.16 0.07 2.58 1.86 1.61 
10 0.60 0.24 0.20 2.67 2.29 1.84 
X = 0.59 X = 0,14 X = 0.18 x = 2.63 x = 2.01 x = 1.66 
No exercise+cholestyramine 
8 0.60 0.12 0.28 2.62 2.03 1.82 
11 0.56 0.12 0.38 2.64 1.94 1.59 
12 0.56 0.12 0.20 2.75 1.90 1.57 
X = 0.57 X = 0.12 X = 0.29 x = 2.67 x = 1.96 x = 1.66 
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Table 17b. Analysis of variance of feed consumption and weight gains 
in Experiment II 
Source of variation Degrees of freedom Mean square F statistic 
Weight gain 
Periods (P) 
Linear 
Quadratic 
Treatment (T) 
1 exercise versus 
no exercise 
2^ cholestyramine 
versus no 
cholestyramine 
P X T 
tn X PL 
JM X Pq 
-fpZ X PL 
if2 X Pq 
PenzT 
P X Pen:T 
2 
(1)  
( 1 )  
3 
(1) 
(1) 
6 
(1) 
(1)  
(1 )  
( 1 )  
8 
16 
0.35 
0.42 
0.28 
0.01 
0.035 
0.0005 
0.025 
0.04 
0.066 
0.015 
0.003 
0.00375 
0.009375 
37.33** 
44.80** 
29.87** 
2.67 at 25% 
9.33* 
2.67 at 10% 
4.27 at 10% 
7.04* 
1.60  
Feed consumption 
Periods (P) 
Linear 
Quadratic 
Treatments (T) 
P X T 
Pens:T 
P X PenszT 
2 
(1 )  
(1)  
3 
6 
8 
16 
3.61 
7.18 
0.03 
0.01 
0.04 
0.08 
0.03 
120.33** 
293.33** 
0.03 
0.12 
0.13 
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Table 18a. Atherosclerosis severity scores in Experiment II 
Pen 
number 
Average number of plaques 
0 - 2  m o n t h s  2 - 4  m o n t h s  4 - 6  m o n t h s  
Exercise+no cholestyramine 
1 
3 
6 
Exercise+cholestyramine 
2 
4 
5 
No exercise+no cholestyramine 
7 
9 
10 
No exercise+cholestyramine 
8 
11 
12 
0 
0 
0.5 
= 0 .2  
0 
0 
0.5 
X = 0.2 
0.5 
3.0 
0 
X = 1.2 
1 . 0  
1.5 
4.5 
0 
3.0 
0.5 
X = 1.2 
0 
1 . 0  
0 
X = 0.3 
0.5 
1.5 
1.5 
X = 1.2 
5.5 
0.5 
1.5 
1.5 
0.5 
5.0 
X = 2.3 
1.5 
5.0 
4.5 
X = 3.7 
1 . 0  
2.5 
5.5 
X = 3.0 
2.5 
4.0 
5.5 
X = 2.3 X = 2.5 X = 4.0 
Table 18b. Analysis of variance of atherosclerosis severity scores 
in Experiment II 
Source of 
variation 
Degrees of 
freedom 
Mean square F statistic 
Period (P) 2 18.38 6.03* 
Linear (1) 31.51 10.33** 
Quadratic (1) 5.28 1.73 
Treatment (T) 3 5.43 2.44 at 25% 
1^ exercise versus ' 
no exercise (1) 10.03 4.52 at 10% 
2^ cholestyramine 
versus no 
cholestyramine (1) 4.00 1.80 
Pea:T 8 2.22 
P X Pen:T 16 3.05 
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Table 19a. Plasma free cholesterol, mg/lOO ml, in Experiment II 
Cockerel Initial Two months Four months Six months 
number 
Exercise+no cholestyramine 
601 31.4 22.3 - 23.8 55.2 
606 31.4 20.3 22.6 47.8 
613 27.1 27.6 23.8 28.5 
618 29.4 28.2 25.8 22.5 
634 27.6 27.6 26.7 25.2 
636 31.4 30.0 26.4 29.3 
x = 29.7 26.0 24.8 34.8 
Exercise*cho1es tyrami ne 
610 29.0 26.6 22.9 31.4 
612 25.2 28.4 22.0 25.5 
619 29.0 21.7 25.8 26.7 
623 23.1 22.3 21.4 24.6 
625 22.8 25.8 24.9 34.7 
627 24.7 29.5 27.8 29.9 
X = 25.6 25.7 24.1 28.8 
No exercise+no cholestyramine 
641 25.8 29.2 25.2 25.2 
642 28.4 28.9 26.7 39.5 
652 25.9 29.2 26.6 33.3 
653 24.6 19.7 33.2 32.7 
655 26.4 19.7 33.2 32.7 
660 24.0 14.6 31.5 33.5 
X = 25.8 24.6 28.1 32.0 
No exercise+cholestyramine 
644 30.7 26.6 26.0 56.3 
646 29.8 33.5 27.5 35.9 
661 27.8 17.2 33.3 35.3 
663 24.6 16.3 29.5 33.0 
671 23.5 21.2 26.6 41.1 
672 21.0 15.1 26.6 35.0 
X = 26.2 21.6 28.2 39.4 
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Table 19b. Plasma cholesterol ester, mg/100 ml, in Experiment II 
Cockerel Initial Two months Four months Six months 
number 
Exercise+no cholestyramine 
601 93.5 87.0 84.1 102.0 
606 93.0 81.5 80.1 94.8 
613 82.0 64.2 73.2 81.7 
618 98.3 65.0 60.0 52.6 
634 102.4 79.5 84.4 87.4 
636 92.7 74.4 78.6 87.4 
X = 93.6 75.3 76.7 84.3 
Exercise+cholestryamine 
610 104.8 71.7 83.8 100.5 
612 110.7 74.1 77-5 77.9 
619 93.0 59.6 73.5 73.7 
623 70.1 58.5 58.8 84.7 
625 92.4 67.0 70.6 114.8 
627 86.0 73.3 85.8 95.7 
X = 92.8 67.4 75.0 91.2 
No exercise+no cholestryamine 
641 80.9 66.6 70.3 68.3 
642 89.9 82.2 83.0 123.6 
652 126.9 117.1 93.9 138.5 
653 76.9 72.0 71.7 93.8 
655 89.3 92.4 62.1 102.2 
660 81.8 71.2 62.6 131.3 
X = 91.0 83.6 73.9 110.8 
No exercise+cholestyramine 
644 147.6 65.5 80.1 155.1 
646 156.2 73.9 89.3 125.8 
661 118.8 91.3 66.9 120.9 
663 115.7 73.8 55.8 105.7 
671 110.8 94.4 65.3 135.0 
672 100.0 88.4 72.0 106.3 
X = 124.8 81.2 71.6 124.8 
Table 19c. Plasma glycerides, mg/100 ml, in Experiment II 
Cockerel Initial Two months Four months Six months 
number 
Exercise+no cholestyramine 
601 105.9 76.1 51.8 102.9 
606 100.7 60.8 53.0 63.1 
613 61.0 120.0 70.0 19.6 
618 82.4 118.1 59.1 13.2 
634 112.6 91.4 38.8 31.6 
636 132.7 61.7 21.7 36.0 
X = 99.2 88.0 49.1 44.4 
Exercise+cholestyramine 
610 69.7 60.5 59.7 67.1 
612 71.1 42.2 63.3 29.3 
619 64.1 47.2 60.0 41.0 
623 68.4 98.4 52.8 22.1 
625 75.1 69.0 44.2 36.6 
627 49.9 79.7 23.8 10.8 
X = 66.4 66.2 50.6 34.5 
No exercise+no cholestyramine 
641 116.3 54.5 36.7 28.0 
642 111.7 48.4 29.5 58.1 
652 80.1 72.4 44.5 85.5 
653 64.3 59.9 42.4 61.2 
655 31.9 66.4 24.7 69.2 
660 31.2 49.1 33.1 94.3 
X = 72.6 58.4 35.2 66.0 
No exercise+cholestyramine 
644 84.2 56.1 31.6 72.5 
646 66.8 70,0 41.2 38.0 
661 24.1 43.5 26.5 117.4 
663 35.8 73.6 30.1 110.5 
671 38.8 70.0 64.3 90.5 
672 31.2 60.5 46.8 68.5 
X = 46.8 62.3 40.1 82.9 
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Table 19d. Analysis of variance of plasma lipids in Experiment II 
Sources of Degrees of Mean square F statistic 
variation freedom 
Free cholesterol 
Periods (P) 
Linear 
Quadratic 
Treatment (T) 
#1 cholestyramine 
versus no 
cholestyramine 
2^ exercise versus 
no exercise 
P X T 
Cockerels (c):T 
P xc :T 
2 
(1)  
(1)  
3 
(1)  
( 1 )  
6 
20 
39 
577.97 
1029.53 
126.38 
77.99 
38.57 
193.72 
67.14 
18.79 
42.30 
13.66** 
24.34** 
2.99 at 10% 
4.15** 
2.05 at 25% 
10.31** 
1.59 
Cholesterol ester 
Periods (P) 
Linear 
Quadratic 
Treatment (T) 
1^ cholestyramine 
versus no 
cholestyramine 
2^ exercise versus 
no exercise 
P X T 
3^  X Pl 
ifl X PQ 
X PL 
^2 X PQ 
Cockerels(c):T 
P xc :T 
2 
(1 )  
(1)  
3 
(1)  
( 1 )  
6 
(1 )  
(1)  
(1 )  
(1) 
20 
39 
5955.93 
8062.68 
3849.17 
2870.85 
4296.64 
71.60 
697.67 
729.30 
88.83 
1076.36 
2241.23 
591.52 
139.92 
42.57** 
57.62** 
27.51** 
4.85 
7.26* 
not significant 
4.99** 
5.21* 
7.69** 
16.12** 
Table 19d. (Continued) 
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Sources of Degrees of Mean square F statistic 
variation freedom 
Total cholesterol 
Periods (P) 
Linear 
Quadratic 
Treatment (T) 
<#1 cholestyramine 
versus no 
cholestyramine 
•ff2 exercise versus 
no exercise 
P X T 
#1XPL 
I^xPg 
#2xP, 
*2xPq 
Cockerel (c):T 
P X c:T 
2 
(1) 
CD 
3 
(1) 
( 1 )  
6 
(1 )  
( 1 )  
( 1 )  
(1 )  
20  
39 
10228.80 
14843.85 
5613.76 
2751.99 
3914.65 
5.95 
• 882.64 
967.50 
114.67 
1967.36 
1842.56 
753.03 
217.59 
47.01** 
68.22** 
25.80** 
3.65* 
5.20* 
4.0b** 
4.45* 
9.04** 
8.47** 
Glyceride 
Periods (P) 
Linear 
Quadratic 
Treatment (T) 
ifl cholestyramine 
versus no 
2 
(1)  
( 1 )  
3 
37 52.98 
1662.63 
5843.33 
8873.17 
7.90** 
3.50 at 10% 
12.30** 
2.87 at 10% 
cho1es ty ramine (1) 14657. ,57 4. 74* 
#2 exercise versus 
no exercise (1) 11362. ,78 3. ,68 at 
P X T 6 1833, .62 3. ,86** 
flxPL (1) 466. 88 
I^xPQ (1) 145. 00 
fZxPL (1) 8036. 78 16. 91** 
^XPQ (1) 1829, .70 3, .85 at 
Cockerels (c):T 20 3090, .22 
P X c:T 39 475, .22 
Table 20a. Plasma lipoprotein percentages for Experiment II 
Cockerel Lipoprotein al Lipoprotein a2 Lipoprotein P (al + a2)/P 
number initial final initial final initial final initial final 
Bxercise+no cholestyramine 
601 27.1 20.3 25.0 56.9 47.9 29.4 1.09 2.62 
606 20.6 23.3 31.0 41.4 48.4 35.2 1.07 1.84 
613 12.6 28.0 47.4 30.5 40.0 41.6 1.50 1.41 
618 13.4 13.0 44.8 23.6 41.8 63.4 1.39 0.58 
634 11.7 29.5 54.8 35.6 33.6 34.9 1.98 1.86 
636 12.2 26.4 50.6 45.8 37.2 27.8 1.69 2.60 
X = 16.3 23.4 42.3 39.0 41.5 38.7 1.45 1.82 
Exercise+cholestyramine 
610 14.3 24.0 42.6 28.3 43.1 47.7 1.32 1.10 
612 10.0 20.1 55.4 43.1 34.6 36.8 1.89 1.72 
619 15.2 19.5 37.0 47.9 47.8 32.5 1.09 2.07 
623 29.5 20.5 27.2 51.4 43.3 28.0 1.31 2.57 
625 12.2 20.0 47.8 57.8 40.0 22.2 1.50 3.50 
627 12.4 18.9 54.2 35.7 33.4 45.4 1.99 1.20 
X = 15.6 20.5 44.0 44.0 40.4 35.4 1.52 2.03 
No exercise+no cholestyramine 
641 13.6 32.6 43.0 28.8 43.4 38.6 1.30 1.59 
642 13.6 19.0 47.0 44.2 39.6 36.8 1.53 1.72 
652 10.5 20.8 57.0 46.2 32.6 33.0 2.07 2.03 
653 aaM •• m «• — — — — mm mm 
655 16.2 23.5 33.7 36.2 50.0 40.4 1.00 1.48 
660 14.5 28.5 49.6 23.3 35.9 48.2 1.78 1.07 
X = 11.7 24.9 46.1 35.7 40.3 39.4 1 .54 1.58 
Table 20a. (Continued) 
Cockerel Lipoprotein al Lipoprotein a2 Lipoprotein P (al + a2)/P 
number initial final initial final initial final initial final 
No exercise+cholestyramine 
644 15.7 18.4 47.5 37.0 37.8 44.5 1.67 1.24 
646 10.0 19.0 57.1 44.0 33.0 37.1 2.03 1.70 
661 13.0 17.2 39.8 45.0 47.2 37.8 1.12 1.64 
663 12.0 24.2 48.9 37.4 39.2 38.4 1.55 1.60 
671 21.1 26.2 32.6 25.6 46.3 48.2 1.16 1.07 
672 20.8 24.1 31.2 45.7 48.1 30.2 1.08 2.31 
X = 15.4 21.5 42.8 39.1 41.9 39.4 1.44 1.59 
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Table 20b. Analysis of variance of plasma lipoproteins in Experiment II 
Source of variation Degrees of freedom Mean square 
Lipoprotein a 1 
Treatment 
Error 
Lipoprotein a 2 
Treatment 
Error 
Lipoprotein P 
Treatment 
Érror 
Liproprotein fc. 1 + aZy&ratio 
Treatment 
Error 
3 44.94 
19 49.75 
3 112.01 
19 252.52 
3 16.46 
19 132.76 
3 0.26 
19 0.64 
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Table 21a. Feed consumption and weight gains of cockerels in 
Experiment III 
Cockerel Gain in kgs Kilograms feed/kg live wt 
number 0-2 months 2-4 months 0-2 months 2 - 4 months 
Whole egg+no cholestyramine 
86 5 ——— 
875 — — — — — — — — — — — — 
876 2.7 1.4 1.97 1.15 
87 8 3.1 1.7 2.19 1.21 
879 2.7 0.9 2.22 1.34 
880 1.4 0.4 1.94 1.36 
884 3.0 1.0 1.79 1.07 
885 2.5 1.9 2.32 1.90 
888 2.9 1.0 1.77 1.27 
X = 2.6 1.2 2.03 1.34 
Whole egg+cholestyramine 
862 2.2 0.9 1.93 1.05 
869 1.2 1.9 1.68 1.14 
870 0.7 0.8 1.68 1.20 
872 2.9 0.4 2.38 1.37 
873 2.1 1.5 1.73 1.49 
889 0.5 2.6 1.52 1.50 
890 2.2 1.3 2-01 1.14 
893 — • — — ^ — w •» w — 
897 3.2 1.1 1.84 1.23 
X = 1.9 1.3 1.85 1.26 
No whole egg+no cholestyramine 
857 1.1 1.3 1.98 1.13 
858 2.7 0.7 1.96 1.13 
859 2.0 0.8 1.90 1.14 
860 3.1 0.1 1.96 1.31 
864 1.5 0.3 1.80 1.13 
877 1.8 1.3 1.93 1.43 
881 3.1 0.0 2.12 1.08 
887 2.1 1.0 1.79 1.82 
892 1.7 2.0 1.82 1.54 
X = 2.1 0.8 1.92 1.30 
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Table 21a. (Continued) 
Cockerel Gain in kgs Kilograms feed/kg live wt 
number 0-2 months 2 - U months 0-2 months 2-4months 
No whole egg+cholestyramine 
861 2.2 0.6 1.86 1.06 
863 2.0 1.7 1.96 1.59 
867 3.3 0.8 2,08 1.33 
874 3.3 1.3 2.11 1.49 
882 1.9 0.8 1.92 1.41 
883 2.3 1.1 2.09 1.28 
891 2.4 1.4 2.40 1.57 
894 2.7 1.3 1.94 1.27 
896 1.6 1.7 1.92 1.25 
X = 2.4 1.2 2.03 1.36 
Table 21b. Analysis of variance of weight gain and feed consumption 
in Experiment III 
Source of variation Degrees of freedom Mean square F statistic 
Weight gain 
Period (P) 
Treatment (T) 
4fl Whole egg 
versus no 
whole egg 
2^ cholestyramine 
versus no 
cholestyramine 
P X T 
Cockerel Cc)sT 
P X c:T 
1 
3 
(1)  
(1) 
3 
32 
26 
22.78 
0.66 
0.21 
0.00 
0.65 
0.24 
0.67 
34.15** 
2.74 at 10% 
not significant 
not significant 
Feed consumption 
Period (P) 
Treatment (T) 
 ^Whole egg 
versus no 
whole egg 
jf'l cholestyramine 
versus no 
cholestyramine 
P X T 
Cockerel (c):T 
P X c:T 
i 
3 
(1) 
(1 )  
3 
32 
26 
7.450 
0.077 
0.022 
0.006 
0.010 
0.044 
0.040 
186.25** 
1.75 at 25% 
not significant 
not significant 
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Table 22a. Atherosclerosis scores in Experiment III 
Whole egg. Whole egg+ Cholesterol, Cholesterol + 
no choles­ choles­ no choles­ choles­
tyramine tyramine tyramine tyramine 
Number of birds 7 5 5 4 
with a plaque 
Number of birds 
without a plaque 1 3 4 6 
Table 22b. Analysis of variance of atherosclerosis scores 
Source of variation Degrees of freedom Mean square F statistic 
Treatment 
Error 
3 
30 
0.277 1.15 
0.240 
Table 23a. Plasma lipid concentrations in Experiment III 
Cockerel Glyceride Cholesterol ester Free cholesterol Total cholesterol 
number initial final initial final initial final initial final 
Whole egg+no cholestyramine 
865 1*2.6 — 118.8 2.9.7 148.5 
87 5 41.1 134.2 « M M *• 42.6 — — — — — 176.8 — — — — — 
876 71.0 104.9 138.6 97.1 34.8 43.8 173.4 140.9 
87 8 83.8 121.6 130.6 104. S 46.4 25.6 177.0 130.4 
879 68.0 77.9 122.8 82.9 39.9 20.2 162.7 103.1 
880 97.7 65.6 122.2 91.9 39.1 23.4 161.3 115.3 
884 132.6 94.5 124.1 105.5 39.2 33.1 163.3 138.6 
885 110.8 69.4 149,9 97.3 40.6 22.4 190.5 119.7 
888 99.8 135.3 146.1 117.2 32.8 44.2 178.9 161.4 
X = 83.0 95.6 131.9 99.5 38.3 30.4 170.3 129.9 
Whole egg+cholestyramine 
862 53.0 120.0 137.2 61.4 34.6 17.7 171.8 79.1 
869 68.2 120.5 138.6 143.4 49.0 33.1 187.6 176.5 
870 30.2 148.9 132.9 105.7 39.4 42.1 172.3 147.8 
872 66.2 108.3 116.2 95.5 41.3 30.7 157.5 126.2 
87 3 33.1 98.7 121.2 80.4 39.0 18.8 160.2 99.2 
889 116.8 105.8 130.0 125.1 34,6 54.3 164.6 179.4 
890 102.7 174.5 145.3 135.9 24.8 47.7 170.1 183.6 
893 106.7 «• M H 165.0 M MM M M 26.8 — — — — 191.8 — — — — — 
897 71.3 183.7 130.9 104.6 34.9 33.8 165.8 138.4 
X = 72.0 132.6 135.3 106.5 36.0 34.8 171.3 141.3 
Table 23a. (Continued) 
Cockerel Glyceride Cholesterol ester Free cholesterol Total cholesterol 
number initial final initial final initial final initial final 
No whole egg+no cholestyramine 
857 110.8 164.3 125.5 155.0 43.9 37.8 169.4 192.8 
858 58.3 71.2 126.2 138.5 42.2 43.9 168.4 182.4 
859 53.3 75.9 119.9 92.6 36.6 13.4 156.5 106.0 
860 57.6 135.1 108.1 138.9 36.9 29.0 145.0 167.9 
864 63.4 199.4 108.2 170.8 39.0 36.0 147.2 206.8 
877 57.1 76.9 111.8 103.0 43.6 26.0 155.4 129.0 
881 102.7 68.9 126.1 157.9 44.4 49.6 170.5 207.5 
887 112.2 175.2 136.0 116.1 26.8 47.3 162.8 163.4 
892 66. 0 68.3 135.7 165.1 37.9 46.0 173.6 211.1 
i  X  75.7 115.0 121.9 137.5 39.0 36.6 161.0 174.1 
No whole egg+cholestyramine 
861 65.2 151.9 103.3 100.0 52.4 33.3 155.7 133.3 
863 38.3 112.6 114.8 100.9 28.6 30.6 143.4 131.5 
867 101.9 158.8 129.4 75.4 47.6 17.0 177.0 92.4 
874 87.7 91.3 135.8 77.6 39.1 15.9 174.9 93.5 
882 80.5 78.7 117.3 88.7 37.0 22.0 154.3 110.7 
883 113.2 92.7 138.4 94.1 41.5 29.2 179.9 123.3 
891 92.1 101.8 161.3 138.0 38.6 60.5 199.9 198.5 
894 120.3 110.4 153.8 98.4 34.3 38.3 188.1 136.7 
896 48.4 74.6 154.1 71.7 40.6 39.4 194.7 111.1 
X  = 83.1 108.1 134.2 93.9 40.0 31.8 174.2 125.7 
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Table 23b. Analysis of variance of plasma lipids in Experiment III 
Source of variation Degrees of freedom Mean square F statistic 
Glyceride 
Treatment 
whole egg versus 
no whole egg 
2^ cholestyramine 
versus no 
cholestyramine 
Error 
3 
(1 )  
(1) 
29 
5439.27 3.07* 
416.16 not significant 
5567.15 
1771.27 
3.14 at 10% 
Cholesterol ester 
Treatment 
whole egg versus 
no whole egg 
.^ 2 cholestyramine 
versus no choles­
tyramine 
Error 
3 
(1) 
(1) 
29 
5569.11 
2632.03 
4985.77 
585.56 
9.51** 
4.49* 
8.51** 
Free cholesterol 
Treatment 
Error 
Total cholesterol 
Treatment 
:ffl whole egg versus 
no whole egg 
i(lr2 cholestyramine 
versus no 
cholestyramine 
Error 
3 
29 
3 
(1) 
(I) 
29 
95.78 not significant 
227.48 
6754.76 
2688.77 
4886.01 
984.42 
6.86** 
2.73 at 25% 
4.96* 
Table 24a. Plasma lipoprotein in Experiment III 
Cockerel Lipoprotein tt 1 Lipoprotein a 2 
initial final initial final 
Whole egg+no cholestyramine 
865 —  —  — —  — 
875 — — — as M 
876 19.9 19.3 42.5 47.6 
878 12.4 18.4 51.3 29.5 
879 14.5 9.0 56.4 37.2 
880 11.2 21.5 63.0 51.1 
884 4.6 24.0 53.5 41.3 
885 1.0 24.6 67.6 39.5 
888 14.6 15.5 54.0 38.5 
* = 11.2 18.9 55.5 40.7 
Whole egg+cholestyramine 
862 21.4 21.4 44.8 33.9 
869 12.5 21.9 58.3 43.1 
870 17.9 19.9 48.5 46.7 
872 13.9 14.7 54.2 63.3 
873 13.9 22.6 59.6 46.7 
889 13.8 12.9 48.2 42.7 
890 
QQO 
18.9 6.9 52.1 60.8 
897 17.1 18.9 50.6 48.2 
X = 16.2 17.4 52.4 48.2 
Lipoprotein P 
initial final 
(g 1 + g 2)/P 
initial final 
37.6 33.2 
36.3 52.1 
29.1 53.9 
25.9 27.4 
41.8 34,6 
31.4 35.9 
31.4 46.0 
33.4 40.4 
33.7 44.7 
29.2 40.4 
33.6 33.3 
31.8 21.9 
26.5 30.6 
38.3 44.4 
29.0 32.3 
32.7 31.8 
38.8 34.9 
1.66 3.32 
1.75 0.92 
2.44 0.86 
2.86 2.65 
1.39 1.89 
2.18 1.78 
2.18 1.17 
2.06  6 .07  
1.96 1.24 
2.42 1.61 
1.98 2,00 
2.14 3.56 
2.77 2.26 
1.62 1.25 
2.45 2.10 
2.07 2.11 
2 .18  2 .02  
Table 24a. (Continued) 
Cockerel Lipoprotein g 1 Lipoprotein g 2 Lipoprotein P (gl + g ?)/P 
initial final initial final initial final initial final 
No whole egg+no cholestyramine 
857 18.4 11.6 49.0 40.6 31.7 47.7 2.13 1.09 
858 26.4 6.8 43.4 38.7 30.2 54.4 2.31 0.84 
859 21.7 12.1 49.1 54.1 29.2 33.8 2.42 1.96 
860 23.7 18.4 40.2 30.9 36.4 50.7 1.76 0.97 
864 7.4 14.7 73.1 52.0 19.6 33.3 4.11 2.00 
877 20.0 16.4 46.4 43.1 33.6 41.5 1.98 1.43 
881 4.2 18.9 63.0 45.7 32.7 35.3 2.06 1.82 
887 3.8 7.7 68.8 56.9 27.4 35.3 2.65 1.83 
892 11.7 17.9 55.2 44.6 32.7 37.5 2.04 1.67 
X = 15,3 13.8 54.2 45.2 30.4 41.1 2.38 1.51 
No whole egg+cholestyramine 
861 23.6 19.7 38.8 42.3 37.7 38.1 1.66 1.63 
863 4.0 17.8 84.0 61.4 12.0 20.7 7.33 3.83 
867 13.1 18.5 65.0 46.0 21.9 35.6 3.57 1.81 
874 13.0 16.7 53.5 51.4 33.5 31.9 1.98 2.13 
882 7.8 19.4 66.8 37.9 24.4 43.0 3.06 1.33 
883 6.3 20.7 66.1 46.6 27.5 32.7 2.63 2.06 
891 15.9 4.2 68.3 61.4 15.7 34.4 5.36 1.91 
894 15.8 17.5 35.4 47.8 48.8 34.7 1.05 1.88 
896 9.6 17.7 40.8 30.8 49.6 51.5 1.02 0.94 
X = 12.1 16.9 57.6 47.3 30.1 35.8 3.07 1.95 
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Table 24b. Analysis of variance of plasma lipoproteins in Experiment 
III 
Source of variation Degrees of freedom Mean square F statistic 
Lipoprotein a 1 
Treatment 
1^ whole egg versus 
cholesterol 
2^ cholestyramine 
versus no choles­
tyramine 
Error 
Lipoprotein a 2 
Treatment 
Error 
Lipoprotein P 
Treatment 
Error 
Lipoprotein Çt 1 + a2)/P 
Treatment 
4-1 whole egg 
versus cholesterol 
2^ cholestyramine 
versus no choles­
tyramine 
Error 
3 
(1 )  
( 1 )  
29 
3 
29 
3 
29 
3 
(1 )  
(1) 
29 
168.9 2.16 at 25% 
57.6 not significant 
3.9 not significant 
78.1 
7 0.5 not significant 
96.9 not significant 
85.7 not significant 
84.0 not significant 
1.55 1.52 at 25% 
2.14 2.10 at 25% 
0.00 not significant 
1.02 
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Table 25a. Feed consumption and weight gains in Experiment IV 
Cockerel 
number 
Gain in kilograms Kilograms feed/kg live wt 
0 - 2  m o n t h s  2  - 4 months 0 - 2  m o n t h s  2  - 4 months 
Coconut oil+no cholestyramine 
809 1.8 0.7 1.21 1.67 
816 0.5 2.3 1.28 1.62 
817 
01 Q 
2.5 0.2 1.58 1.71 
oiy 
820 1.9 0.1 1.55 1.55 
821 0.0 0.0 0.91 1.22 
825 • 1.2 1.3 1.38 1.39 
826 0.1 0.0 1.08 1.08 
828 1.5 0.7 1.18 1.39 
X = 1.2 0.7 1.27 1.45 
Soy oil+no cholestyramine 
806 1.8 1.3 1.20 1.40 
811 1.8 1.4 1.27 1.30 
812 1.4 1.6 1.15 1.41 
813 0.8 1.8 1.52 1.90 
814 1.1 0.7 1.00 1.22 
829 0.8 1.3 0.94 1.37 
830 2.1 0.0 1.46 1.24 
833 2.2 0.0 1.30 1.07 
837 2.0 0.0 1.22 1.19 
X = 1.6 0.9 1.23 1.34 
Coconut oil+cholestyramine 
801 1.4 1.1 1.52 1.55 
802 1.3 1.3 1.20 1.46 
803 1.0 0.2 1.28 1.44 
804 1.6 0.5 1.39 1.55 
808 0.8 1.1 1.81 2.13 
818 2.0 1.2 1.50 1-79 
822 1.2 0.6 1.15 1.35 
827 2.0 1.1 1.76 1.80 
832 1.8 1.2 1.36 1.39 
X = 1.4 0.9 1.44 1.61 
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Table 25a. (Continued) 
Cockerel Gain in kilograms Kilograms feed/kg live wt 
number 0-2 months 2-4 months 0-2 months 2-4 months 
Soy oil+cholestyramine 
805 
807 1.3 1.0 1.11 1.42 
810 2.2 0.0 1.45 1.12 
815 0.7 1.3 1.07 1.16 
823 2.5 0.1 1.34 1.40 
824 0.9 1.3 1.09 1.54 
831 2.0 1.6 1.54 1.79 
834 2.2 1.1 1.28 1.72 
835 2.2 0.1 1.26 1.12 
X = 1.8 . 0.8 1.27 1.47 
Table 25b. Analysis of variance of feed 
gains in Experiment IV 
consumption and weight 
Source of variation Degrees of freedom Mean square F statistic 
Weight gains 
Period (P) i 
Treatment (T) 3 
j^ l cholestyramine versus 
no cholestyramine (i) 
if2 coconut oil versus 
soy oil (1) 
P X T 3 
Cockerels (c):T 32 
P X c :T 28 
Feed consumption 
Period (P) 1 
Treatment (T) 3 
•^ 1 cholestyramine 
versus no choles­
tyramine (1) 
4fr2 coconut oil 
versus soy oil (1) 
P X T 3 
Cockerels (c);T 32 
P X c:T 
7.94 13.02** 
0.45 1.67 at 25% 
0.45 1.67 at 25% 
0.70 2.59 at 25% 
0.17 not significant 
0.27 
0.61 
0.49 
0.18 
4.78** 
33.96** 
0.264 49.81** 
0.243 45.85** 
0.01 not significant 
0.0053 
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Table 26a. Atherosclerosis scores in Experiment IV 
CO + no^  SO + no CO + SO + 
cholsy cholsy cholsy cholsy 
Number of birds 
with a plaque U 7 6 5 
Number of birds 
without a plaque 5 2 3 3 
A^bbreviations in sequence from left to right are: coconut oil + 
no cholestyramine, soy oil + no cholestyramine, cocônut oil + cholesty­
ramine and soy oil + cholestyramine. . 
Table 26b. Analysis of variance of atherosclerosis scores in 
Experiment IV 
Source of variation Degrees of freedom Mean square 
Treatment 3 0.17 
31 0.20 
Table 27a. Plasma lipid concentrations in Experiment IV 
Cockerel Glyceride Cholesterol ester Free cholesterol Total cholesterol 
number initial final initial final initial final initial final 
Coconut oil+no cholestyramine 
809 39.4 69.4 132.2 99.6 39.8 37.6 172.0 137.2 
816 74.0 26.4 136.1 122.7 47.8 38.3 183.9 161.0 
817 74.8 83.2 117.7 119.1 40.5 35.1 158.2 154.2 
819 39.5 —  w  — —  119.5 38.3 — — — — — — — — — — — — — — 
820 51.0 85.5 113.3 110.1 35.4 35.8 148.7 145.9 
821 49.1 74.9 148.4 171.3 37.3 43.4 185.7 214.7 
825 70.6 52.6 126.2 135.8 32.2 36.1 158.4 171.9 
826 33.6 59.1 130.7 156.7 36.5 60.5 167.2 217.2 
828 68.9 73.4 127.8 136.1 44.1 32.2 171.9 1 68.3 
X  =  : 55.7 65.6 127.7 131.4 39.1 39.9 168.2 171.3 
Soy oil+no cholestyramine 
806 48.6 93.6 107.5 57.2 29.2 32.9 136.7 120.1 
811 74.0 61.6 139.5 85.0 30.9 36.1 170.4 121.1 
812 38.0 41.7 110.7 68.4 27.4 30.0 138.1 98.4 
813 33.0 47.7 112.8 78.9 47.1 37.3 159.9 116.2 
814 43.7 22.1 122.9 78.9 37.3 31.1 160.2 110.0 
829 83.7 137.3 122.0 77.8 37.6 29.4 159.6 107.2 
830 82.2 150.3 97.1 74.2 39.1 35.4 136.2 109.6 
833 113.6 39.6 123.5 103.9 43.8 39.0 167.3 142.9 
837 84.0 43.0 145.2 94.1 42.7 37.2 187.9 131.3 
X  =  66.8 70.7 120.1 83.2 37.2 34.3 157.4 117.4 
Table 27a. (Continued) 
Cockerel Glyceride Cholesterol ester Free cholesterol Total cholesterol 
number initial final initial final initial final initial final 
Coconut oil+cholestyratoine 
801 136.6 74.0 130.7 104.3 48.9 37.6 179.6 141.9 
802 105.4 140.1 128.7 144.7 29.2 43.0 157.9 187.7 
803 84.9 119.1 110.2 103.9 30.0 33.6 140.2 137.5 
804 35.1 91.2 198.1 118.7 34.7 40.9 232.8 159.6 
808 39.8 109.7 119.9 136.8 34.7 38.7 154.6 175.5 
818 33.6 86.3 117.0 142.7 38.7 36.5 155.7 179.2 
822 36.0 28.5 105.6 92.3 31.4 33.6 137.0 125.9 
827 51.5 46.7 124.2 98.1 42.0 38.0 166.2 136.1 
832 96.9 78.8 107.5 82.2 39.8 33.6 147.3 115.8 
X = 68.9 86.0 126.9 113.7 36.6 37.3 163.5 151.0 
Soy oil+cholestyraraine 
805 66.2 147.4 38.0 185.4 
807 44.3 70.6 157.5 66.2 51.9 34.3 209.4 100.5 
810 37.4 59.5 104.5 89.8 27.2 41.2 131.7 131.0 
815 45.0 18.5 126.0 98.0 39.4 37.0 165.4 135.0 
823 49.8 26.6 134.7 85.1 40.1 30.0 174.8 115.1 
824 35.6 46.7 134.3 84.7 38.3 32.2 172.6 116.9 
831 86.9 118.0 134.0 84.0 41.9 36.2 175.9 120.2 
834 83.9 36.6 120.6 85.1 48.1 34.4 168.7 119.5 
835 120.5 36.3 118.1 92.0 35.1 35.8 153.2 127.8 
X  = 63.3 51.6 130.8 85.6 40.0 35.1 170.8 120.8 
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Table 27b. Analysis of variance of plasma lipids in Experiment IV 
Source of variation Degrees of freedom Mean square F statistic 
Glyceride 
Treatment 
Error 
3 
30 
1180.5 not significant 
1654.8 
Cholesterol ester 
Treatment 
 ^1 cholestyramine 
versus no 
choies tyramine 
 ^2 coconut oil 
versus soy oil 
Error 
(1 )  
(1) 
30 
3672.3 
1053.0 
6.88** 
1.97 
10812.5 20.25** 
534.0 
Free cholesterol 
Treatment 
Error 
3 
30 
75.2 not significant 
74.2 
Total cholesterol 
Treatment 
 ^1 cholestyramine 
versus no 
choiestyramine 
2 coconut oil 
versus soy oil 
Error 
( 1 )  
(1) 
30 
4676.3 
1268.5 
6.06** 
1.64 
13959.4 18.10** 
771.4 
Table 28a. Plasma lipoprotein in Experiment IV 
Cockerel Lipoprotein a i Lipoprotein a 2 
number initial final initial final 
Coconut oil+no cholestyramine 
809 23.0 27.1 45.7 315. 
816 24.5 11.1 46.9 51.0 
817 25.0 23.6 49.0 29.8 
819 27.1 45.5 — — — — 
820 25.4 19.1 48.3 49.9 
821 18.9 22.9 43.2 57.9 
825 20.5 21.1 45.4 47.3 
826 22.2 18.1 51.0 37.2 
828 23.9 18.9 44.9 76.4 
"x = 23.4 18.9 46.7 47.6 
Soy oil+no cholestyramine 
806 27.8 28.4 45.0 56.0 
811 23.8 26.0 50.4 46.7 
812 22.3 25.7 47.6 50.8 
813 30.8 15.5 36.0 58.7 
814 23.7 22.0 47.7 49.9 
829 26.8 21.4 41.1 38.1 
830 29.3 14.6 35.0 32.3 
833 24.3 18.4 42.2 50.6 
837 17.3 24.4 41.4 39.8 
X = 25.1 21.8 42.9 47.0 
Lipoprotein P (1 + a2)/P 
initial final initial final 
31.3 41.4 
28.7 37.9 
26.0 46.6 
27.4 
26.3 31.0 
37.9 19.2 
34.2 31.6 
26.8 44.7 
31.2 15.7 
30.0 33.5 
27.2 25.6 
25.8 34.1 
30.1 23.5 
33.2 25.9 
28.6 28.0 
32.2 40.6 
35.6 53.2 
33.5 31.0 
39.7 35.8 
31.8 33.1 
2.19 1.42 
2.49 1.64 
2.85 1.14 
2 . 8 0  2 . 2 2  
1.64 4.21 
1.93 2.16 
2.73 1.24 
2.20 5.37 
2.35 2.42 
2.68 2.91 
2.88 2.13 
2.32 3.26 
2.01 2.86 
2.50 2.57 
2.11 1.46 
1 . 8 1  0 . 8 8  
1.98 2.22 
1.48 1.79 
2.20 2.23 
Table 28a. (Continued) 
Cockerel Lipoprotein g 1 Lipoprotein a 2 Lipoprotein P (a1 + a 2 )/P 
number initial final initial final initial final initial final 
Coconut oil+cholestyramine 
801 28.4 17.5 42.2 55.5 2:,4 27.0 2.40 2.70 
802 28.3 10.6 41.0 63.1 30.7 30.7 2.26 2.81 
803 28.7 16.0 40.0 53.1 31.4 30.8 2.19 2.24 
804 26.6 8.8 48.7 62.6 24.7 28.7 3.05 2.49 
808 23.2 17.3 45.7 43.5 31.2 39.2 2.21 1.55 
818 22.2 0.2 44.5 83.7 33.9 16.0 1.97 5.24 
822 22.4 15.8 42.3 67.4 35.3 16.9 1.83 4.92 
827 20.5 8.7 56.5 62.6 23.0 28.8 3.35 2.48 
832 27.4 11.2 46.6 49.8 26.0 39.0 2.85 1.56 
X = 25.3 11.8 45.3 60.1 29.5 28.6 2.46 2.89 
Soy oil+cholestyramine 
805 27.3 44.8 28.0 •• M a* M 
807 21.1 18.9 50.5 47.6 28.4 33.4 2.52 1.99 
810 22.9 29.5 43.9 42.4 33.2 28.0 2.01 2.57 
815 20.1 13.2 50.2 52.2 29.7 34.5 2.37 1.90 
823 19.9 28.6 51.6 51.1 28.6 20.4 2.50 3.91 
824 21.3 21.9 46.8 44.4 32.0 33.8 2.13 1.96 
831 30.9 19.0 42.2 30.3 26.9 50.6 2.72 0.97 
834 21.8 22.4 36.1 44.7 42.2 32.9 1.37 2.04 
835 25.2 18.9 42.7 43.0 32.1 38.1 2.12 1.62 
X = 23.4 21.6 45.4 44.5 31.2 34.0 2.22 2.12 
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Table 28b. Analysis of variance of plasma lipoproteins in Experiment IV 
Source of variation Degrees of freedom Mean square F statistic 
Lipoprotein a 1 
Treatment 
1 cholestyramine 
versus no 
cholestyramine 
2^ coconut oil' 
versus soy oil 
Error 
Lipoprotein a 2 
Treatment 
1^ cholestyramine 
versus no 
cholestyramine 
2^ coconut oil 
versus soy oil 
Error 
Lipoprotein P 
Treatment 
Error 
(1)  
(1) 
30 
3 
\ 
(1) 
CD 
30 
3 
30 
244.49 
91.84 
313.88 
48.76 
438.60 
180.40 
361.10 
136.00 
5.01** 
1.88 at 25% 
6.44* 
3.22* 
1.33 at 25% 
2.66 at 25% 
35.14 not significant 
125.28 
Lipoprotein (al+a2.)/P 
Treatment 
Error 
3 
30 
1.10  
1.81 
not significant 
